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Major General William L. 8{ibert
Director, Chemical Warfare Bervfco,

Washington, D. C.

Dear 8ir:-
Complying with the request contained

in a letter from your office bearing the signature
of F. B. Breithut, Major, United States Army, under
date of November 30, 1918, there is herewith trans-

&
(5] mitted WAn Historical Sketch of Bdgewood Araen:hs.
compiled by Lieutenant Colon 'ulim/iél’he;:lon

Respectfully submitted,

Commanding Officer, Edgewood Arsenal,

Bdgewood Arsenal,

Baltimore, Maryland,
March 1, 1919, | - C
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This report consists of an account
of the inception c¢f Edgewocod Arsenal together
with a brief statement of the development of
the various projects included under its adminis-
tration . It is presented in as non-technical
language as possible and is intended for the
general reader. Serarate technical reports on
each of the projects included under the Arsenal
have been prepared for the use of the engineer-

ing specialist.
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Edgewood Arcsenal acknowledges with grateful
appreciation the assistance rendered by various representa-
tives of the Allied Nations, and especially by the follow-
ing: Captain Raoul E. Hankar, of the French High Commission;
Mr. W. Gordon Carey, and Mr, T. W. D. Gregory, representa-
tives of English firms engaged in large scale production of
toxic gases; MNajor G. M. Bfightman, of the British Army;
and Lieutenant-Colcnel S, J. M. Auld, M.C., Officer Command-
ing British Gas Warfare Commission. Lieutenant-Colonel Auld
arrived early in November 1917, bringing with him a rich ex-
periénce in the problems involved in gas warfare, and with
the exception of a brief interval remained until the close of
the War, co-operating in an effective way and catalyzing the

entire gas warfare program.



I

CONTEBNTS ,

An Historical Sketch of the Development

of Edgewood Arsenal, : ceee 1

Total Production of Toxic Material; e0ee?d

Total Number of Shell and Other Containers L
r‘ll.d; eeee?B

Procurement of Raw Materials®). coee??

APPENDIX

Properties of Certain Materials Used in

Gas Warfare ceoe 1
List of Edgewood Arsenal Plants for the

Manufacture of Toxic Gases . ceee 4
Copy of Extract from Order No. 54 eeee 6
Copy of Official Letter Establishi

Gunpowder Reservation - eees 7
Copy of General Orders No. 62 { ™ cece 9
Copy of General Order No. 7 N ceee 12
Organization Charts [ > ceee 13

. Map of BAgewood Arsenal Grounds at .~

Bdgewood, Maryland cooe 22

Index oo 23




Beginning
of Gas
Warfare

Status of
Gas War-
fare in
UoSo. when
War was
Declarad

AN HISTORICAL SKBTCH OF THR DEVELOPMENT
oy
EDGET¥OOD ARSENAL

1. On April 22, 1918, the Germans launched
their first gas attack. This action came as a complete
surprise to the Allied Nations and was attended by disas-
trous _results, Other attacks shortly followed, leaving
no doubt but that the Germans intended to utilize toxic
gas to the full 1limit of its possibilities. The adoption
of this new agent of warfare by the Germans made it neces-
sary for the Allied Nations to employ like tactics; and
from that time until the last shot was fired, November 11,
1918, toxic gas played an ever increasing part in the
battles waged between the Central Powers and the Allied
Nations.

2. Nearly two years elapsed between the
date of tane first gas attack and that of the Declaration
of yir by the United States. Unfortunately, but little
ntténtion had been given to the general subject in this
country during the interval, Some information had dbeen
collected by our overseas military observers, and this
had teen referred to the War Department in Washington.
Certain problems involved were referred at the time to

the Picatinny Arsenal, but the work had been held in

(1)




Problems
of Gas
Warfare

.
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abeyance prending the development of a suitable gas mask
in order to insure safety to those engaged in the study
of the highly toxic materials.

3. At the date of the entry of the United
States into the struggle, gas warfare was on a thoroughly
established basis, Both the Central Powers and the Allied
Nations recognized its great possibtilities, and each was
striving to take whatever advantages might accrue from its
use. Immediately, therefore, upon the Declaration of
War, the United States found itself faced with all the
problems connected with its development. Suitable gas
masks for the protection of our troops had to be devisedj
methods for the production of toxic gases on a large scale
had to be worked out and put int» operation; gas shell,
as well as the necessary machinery for filling these shell
with toxic materials, had to be developed. The enormity
of the problems was forseen. Gases, the preparation of
which even in very small quantities was often prohibited
in laboratories because of their highly toxic character,
were now to be prepared in quantities of many tons daily,
lcad=d into shell and shipped to our armies in France.

4, At this time the War Department d4id not
have available the personnel and facilities for carrying
on the research necessary for the development of gas war-
fare. The only laboratories at all adapted for this sort

(2)




Research
Work As-
signed to
the Bureau
of Mines.

Assignment
of
Problems

of work were those connected with the different arsenals;
and thecc were already overcrowded with their own problems,
In February, 1917, the Bureau of Mines, anticipating the Dec-
laration of War by the United States and cognizant of the
fact that the experiences gained bty the Bureau in an extend-
ed study of mine gases would he of value in the investiga-
ticn of this larger questicn, offered its services to the
War Department. ter, this offer was accepted, and to this
Bureau was assigned the task of carrying on the necessary
research work.

5. The work connected with the fabrication of gas
macks and gas ghell, with the production of toxic material,
and with the development of a filling plant suitable for
loading shell with this material wsas assigned as follows:

Gas Masks * * Surgeon General'’s Office
Gas Shell ¢ * Artillery Ammunition
Section, Ordnance De-
partment.
Toxic Gas * * Trench Warfare Section,
Ordnance Department
S.uell Filling
Machinery ®* * Trench Warfare Section,
Ordnance Department.
In carrying out the work originally assigned to the Trench
¥arfare Section, Edgewood Arsenal was developed. The
function of the Arseral, thereforec, has been twofold:
(a) The procurement of the necessary toxic gas
supplies, either by direct purchase from

existing chemical firms or by the building
and operating of Government plants, and

(3)




A Gas
Filling
Plant
Authorized

Develop-
ment of
plans for
Filling
Plant

(b) The loading of thie material into shell,

6. At the beginning the work was under the direc-
ticn of Captain (now T.ieutenant-Colonel) E,J.W.Ragsdale, who
wae then the head of the Trench Warfare Section. In June,
1917, Gereral Crozier, then Chief of the Ordnance Department,
approved the general prorosition submitted by Captain
Ragsdale of bhuilding a suitable prlant for filling shell
with tuxic gas. Early in August, Captain Ragsdele placed
Captain (now Licutenant-Colonel) Edwin M. Chance in charge
of the work connected with the preparation of plans and
specificaticns of the proposed plant, which was desig-
nated as the United States Filling Piant. .

7. A study of the problems involved revealed
the fact that the operation of filling a shell with toxic
gas (wnich ie really a liquid and never a gas, at least
under the coniitions under which {t is loaded into shell)
iz similar, in a way, to that of filling bottles with
carbonated water, In the development of plans for the
£illing plant m2ny zuggestions were, therefore, obtained
fror a study of the apparatus used in commercial hottling
rlants, It was necessary in the davelopment of these
plans to keep in mind rot only the large number of rhell
to be filled, but 2also the highly toxic character of the
filling material to be used. It was essential, there-

fore, that the work of filling and closing the shell
(4)




Develop -
ment of
Plans for
Filling
Plant
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should te done by machinery [nsofar as it was poscible,
and that the operation be carr~ied out in a thoroughly vaon-
tilated room or tunn:l, arranged {n suzh a way that the
machinery contained in the tunnel could be operated frem
the outside, thuz insuring safely to the workere, Spe s~
ial precautions woull have to be taker. nlso in order to
cloce the shell so as to pravent leaks; for many weeks
would elapse between the time of £illing the shell anc
that of their use on the vattleflfield, during which time
cocaping gas would “e a conctant menace, eepecially in
overseas transportation., 7T¢ meet these requiremants, it
wa.: decided to uze u standard tuper pipe thread, and to
devige automatic machinery for :losing the snkell, It
may be inserted here thet the final resalis cecured were
almiradle, as {c evidenczed by the fact reporr'2d by the
uarteraaster 0fficer at Vin:ennes on November 15,1228,
tzat 1ot 8 cingle lcaky shell had beer found among the
220,000 chell received at Vinzernnes up to that dute, It
was also evident that the plans would zrave ‘o provide for
& *kheroughly efficicatl ventilating systew, ard for suit-
wble equipment for conveying *ze chell through the i1l -
ing tunnel and xnen.o te the shell dunp wiere they could
be teated, jainted and pecked, r-cady for chigment, A
cefrigesration plaat would 2130 ke a neceszity whenever

~ low boiling liguil wore used as o £illirg naterial,

(6)




l Filling
Plant to
be Built
in Units

r
\

Co-operat-
ing Firms

()

Phoegene, for example, is a gas at ordinary temperatures, |
but condenses to a liquid at 8° Centigrade. In filling

shell with phosgene, therefore, it would be necessary

to keep both the phosgene and the shell at a temperature

considerably below 8°C., in order to maintain the material

p——

in liquid form until the shell are filled and closed,
and this would require strong artificial cool)ing.

8. In place of one large filling plant, it
was thought best to build two or more smaller plants, each
of which in turn would be made up of units radiating from
a central refrigeration plant which would serve all the
units, Each unit could then be fitted with machinery
adapted for filling shell of a definite size; moreover,
an accident in one of the units would in no way impair the
working of the remainder.

9. The following firms co—-operated in an
efficient way in working out the details of the plans for

the filling plant and in the fabrication of the necessary

machinery: ]

Watertury-Farrell Foundry & Machine Company,
The Reynolds Machine Company,

The Liquid Carbonic Company,

The Karl K!effer Machine Company,

The Spray Engineering Company,

The Triumph Ice Machine Company,

The Link-Belt Company.

10. While the plans for the filling plant were

being worked out and jerfested, the Bureau of Mines was busy

(6)




Decision
Reachel to
Use Chlor-
picrin and
Phosgene

Methol for
Preparing
Phosgene

with the problems involved in the development of commer:zial
methods for the manufacture of toxic material, A number
of different gases rad been used by the warring nations up
to the time of the e:intry of the Unjted States into the War,
and two of these, viz: phosgene and chlorpicrin, had bccome
more or less stardard, In order that there might be no
delay incident to extended resezrch, it was decided to util-
ize these two gasces, pending the discovery, if possidle, of
newer and more effective material, Efforts were concen-
trated, therefore, upon the development of the commercial
methods for their manufacture.

11. Fortunately, considerable information was
available concerning the methods of manufacture of phoegene.
This ccmpound had beer used for a number of years previous
to the outbreak of the War, in the making of certain dyes,
egpecially methyl violet, and had been prepared in Germany
for this purpose. T7The process of manufacture, however,
had never been developed in the United States., It was
krovn that the gas c>uld be prespared in the laboratory in
a mmber of different ways, Aprarently, the most eco-
nomical of theee for the large-scale production consistad
in passing a mixture of the two gi=es, carben monoxide and
chlorine, over carbon. Under tre proper conditions, these
two gases, when trought into contact with carton, unite
directly to form jlccgene, Tre chemist expresses the

(2)




[}
combination in this way:
co + g 0l - COClg
Carbon Chlorine Phosgene
Monoxide

The reaction, however, is a delicate one, and i{ts applica-

tion to large-scale production required extended investiga-

tion. Luckily, for some months previous to the War, the

Olddury Electro-Chemical Company of Niagara Falls, New York,

had been working on the problems involved, in the hope that '
Assistance the carbon monoxide formed in the phosphorus furnaces oper-
Rendered
by O1¢ pury atel by the Company might be utilized in the manufacture of
Blectro-
Chemical phosgene, Shortly after War was declared, this Company
Company

offered to assist the Government in the development of a

commercial method for the manufacture of the gas. As a

result, the experimantal laboratory of the Company was en-

larged and equipped with additional apparatus, Consider-

able phosgene was prepared in this period of experimental i

development and was sent gratis to the Bureau of Mines and |

utilized in the research work being carried on by the Bureau,

12, This experimental laboratory proved to be of

Experi-
mental the greatest service. Not only were many of the details
Plant for
Producing of the commercial process of manufacture worked out here,
Phosgene

tut it served aleo as a training school for the men who
subsequently were to take charge of the operation of the
large chemical plants under consideration. Moreover,

the laboratory develcocped until the Government felt justified
(8)




Contract
for
Phosgene

in leasing it for the production of phosgene until the com-
mercial plante were ready for operation. The lease was
for a period of six months, beginning March 1, 1918, Be-
fore the six months had expired, however, the large-scale
rlants were ready for operation; accordingly, the experi-
mental plant was closed down and the operating force trans-
ferred to the large-scale plants,

13. By November 1,1917, sufficient progress had
been made to justify the building of plants for the manu-
facture of phosgene on a large scale. The Oldbury Electro-
Chemical Company was pre-eminently the one to undertake
this work; for it not only had far more experience than
any other firm in the production of phosgene, but also
had at hand the raw materials, the carbon monoxide being
obtained from the phosphorus furnaces operated by the
Company, and the chlorine from the plant of the Electro
Bleaching Gas Compary, located only a few yards distant.
Accordingly, a contract was entered into with the Oldbury
Electro-Chemical Company to build and operate a phosgene
plant with the capacity of 20,000 pounds per day. Inas-
much as the material had never been made on a large scale,
it was impossible to forecast with accuracy the cost of
manufacture; accordingly, the Company would only undertake
the work on a coat plus profit basis. This plant when
congtructed was designated the *Niagara Falls Plant of

Edgewood Arsenal®.

(9)
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ILaboratory
Preparation
of
Chlorpicrin

14. The laboratory process for the manufacture of
chlorpicrin was also well known at the time of the Declara-
tion of VWar. This process consists in passing live steam
through a mixture of picric acid and ordinary dleaching
powder (the so-called "Chloride of Lime® of the druggist)
under well regulated conditions. The reaction is carried
out in a still of suitable dimensions, to which is at-
tached a condenser. The resulting chlorpicrin, together

with steam, passes out of the still and is condensed.

Inasmuch as chlorpicrin and water are practically insoluble
in each other, the mixture of the two, on standing, sepa-
rates into the two constituents. The chlorpicrin, being
heavier, settles to the bottom of the condenser and is
sufficiently pure to use without further treatment.

15. The problem at hand was the development of
this method s0o as to make it applicable to large-scale

production. The experimental work bearing upon this
problem was conducted at three different plants, viz:
The American Synthetic Color Company, Stamford,
Connecticut. i
The Dow Chemical Company, Midland, Michigan.
The Semet-Solvay Company, near Syracuse, New
York. .
Considerable material was produced in these experimental
plants and was sent to the Burcau of Mines for further

study. In all of these plants the production was con-

(10)




ducted on a semi-commercial scale, Information was

desired as to the size and character of the still best

Development

of Method adapted for the work. Our own war program called for
for large-

Scale Pro- a large quantity of chlorpicrin, and in addition, arrange-
duction of

Chlorpicrin ments had been made whereby the United States was to
furnish the French with a sufficient amount to meet the
needs of their Army. Because of the large quantity to
be prepared, it was desired, therefore, to use as large
a still as was practicable. The question arose as to
whether or not in the operatién of large stills the tem-
perature necessary for the reaction could be maintained ‘
by simply passing steam through the mixture of raw mater-
ials; if it could not, then steam—jacketed stills would

have to be used. There also was a difference of opinion

as to whether or not the still should be provided with
stirrers. The results of the experiments showed that

either form of still would undoubtedly do the work, the

only question being as to the relative efficiency of the
two types. It may be added here that both forms of
stills were ultimately used, and that the simpler form -
that without steam jacket or stirrers - proved to be the
most efficient.

16. By December 1, 1917, sufficient information

] was at hand to justify large-scale production. The aid

of a number of companies was solicited, but only one of

(11)




Contract
for
Chlorpicrin

8ite for
Filling
Plant
Selected

these, namely, The Amerlc;n Synthetic Color Company,

was willing to undertake the work. It was known

that the Company was not in the best financial condition.
Most of the development work, hcwever, in connection with
the process of manufacture of chlorpicrin had been done at
this plant; it was thought, therefore, that with Govern-
ment aid the Company would be able to accomplish the un-
dertaking. In accordance with the terms of the contract
the Government was to pay the cost of special apparatus
required to an amount not exceeding OIO0.000.00. This
plant later was designated the *"3tamford Plant of Eige-
wood Arsenal®, {

17. In the meanwhile, the plans for the new
filling plant were being rapidly developed, and it became
urgent that a suitable location for this plant be selected.
It was intended at first to locate it on Kent Island, Mary-
land, but Congress failed to approve the plan. Later, a
large tract of land, comprising 35,000 acres near Aber-
deen, Maryland, was taken over by the United States
Government and set aside as a provirg ground under the
Frrsident’s Proclamation, dated October 16, 1917. Tris
ground was well adapted as a suitabdle site for the pro-
posed shell filling plant. I+ was {in an isolated dis-

trict and relstively near the embarkation ports, Moreover,

(12)




Work Begun
on Filling
Plant

railroad transportation could easily be secured, since the
zain line of the Pennsylvania Railroad between Baltimore and
Philadelphia bordered on the tract; water transportation was
likewise possible, since the tract bordered also on the Bush
River, which leads into Chesapeake Bay. It was definitely
decided, therefore, to utilize a portion of this ground as a
site for the plant, and approximately 3,400 acres on that
portion of the land known as “Gurpowder Neck® was set aside
for this purpose (see map-Appendix, page 22). The location
and extent of the grounds thus to be utilized, as fixed by
an order issued by Brigadier-General C. B. Wheeler under date
of April 2, 1918, (for copy of order see Appendix, page 7),
are as follows:

“That part of the Aberdeen Proving Ground

which is bounded on the North by the Penn-

sylvania Railroad, on the West by the Bush

River, and on the East by Gunpowder River,

and on the South by a line as indicated on

the map accompanying the order,®
Because of the location the entire project was at first
referred to in official orders under the title of "Gun-
powder Reservation® or ®"3unpowder Neck Reservation®,
The railway station bordering on the tract of land is known
as "Bdgewood®; hence the name "Edgewood Arsenal® (page £3)
which was later applied to the entire project. The site
for the f£illing plant having been approved, work was immed

iately begun. The construction of a railroad spur,

(13)




Total
Supplies of
Toxic Gas
not Procur-
adble from
Bxisting
Firme

connecting the grounds with the Pennsylvania Railroad,
was started on October 24, 1917, and on November 15, 1917,
actual construction work was started on Filling Plant #1.
18. It was the original intention to interest
existing chemical firms in the manufacture of the required
toxic materials, with the hope of obtaining from such firms
the entire supply required. As the work developed, how-
ever, difficulties arose in carrying out this progranm.
The manufacture of such material at private plants necessi-
tated its shipment to the filling plant at Bagewood for
£1l1ling into shell, and the transportation of large quan-
tities of highly toxic gases would naturally be attended
with great danger. After due consideration, the Director-
General of Railroads ruled that all such shipments must be
made by special train movements - a very expensive method
of transportation, Still more serious objections, however,
were encountered in the efforts to enlist the co-operation
of existing firms. It was recognized by these firms that
the manufacture of such materials would be attended by
very great danger; that the work would be limited to the
duration of the War; and that the processes involved, as
well as the plants necessary for carrying out these pro-
cesses, would have little post-war value. Moreover,

such firms as had the personnel and equipment for carrying

or. this kind of work were already overcrowded with orders;

(14)




with few exceptions, therefore, they were unwilling to under-
take work of this character.

19. As soon as it became evident that the necessary
supplies could not te obtained in whole from existing firms,

steps were taken immediately to build certain Government

chemnical plants at Gunpowsder Reservation in connection with

o—

Government

Chemical the United States Filling Plant. By December 1, 1917,

Plants De-

cided Upon it had been definitely decided to build two such plants , .
one for the production of chlorpicrin and one for the pro-
duction of phosgene. Contracts had already either been
signed or agreed upon with private firms for the produc-
tion of a limited amount of each of these products; the

building of Government plants would not only greatly add ;

to the production, but would also guard against a complete ‘

shut-down in case of accidents in one of the plants. The

Government plante located at Gunpowder Reservation were la-

ter designated ‘the "Zdgewood Plants of Edgewood Arsenal”.

' 20 The type of still selected for the Edgewood
' chlorpicrin plant was the simpler form (page 11 ) of the
riveted boiler type. A number of these, 8’ x 18’, were
available, and one vas sent immediately to the plant of the
American Synthetic Color Company at Stamford, Connecticut,
and an experimental unit ¢rected there. The operation of

) this unit, aside from the chlorpicrin prepared, resulted

in furnishing a great deal) of valuable information bearing
(18) |




on the final design of the Edgewood Plant. Considerabdble

trouble resulted from the frothing of the contents of the
still, some of the s0lid matter passing over and contaminat-
ing the final product. This aifficulty was overcome by
beating down the foam, whenever it passed beyond a certain
height, with a spray of steam, or better, of cold water
admitted through appropriate pipes placed in the head of

the still. The plans as finally prepared called for a
steel huilding, 138°' x 400', (floor space adbout 1-1/4

acres). The equipment consisted of 19 large stills (20

had been ordered, but one was sent to the Stamford Plant

as noted above) for carrying out the reaction together
Development i

of Plans for with the necessary machinery for introducing the raw

Bdgewood

Chlorpicrin material irto the still, as well as for condensing the

Plant 1

product and separating it from the water with which it
is mixed when first prepared. It was finally decideq,

however, to erect only 10 of these stills and to use the

remainder for storage tanks. This arrangement left
about one-half the building free, and thie was later util-
ized for housing the plant for the generation of ethylene
required in the manufacture of mustard gas. In the
earlier experiments the free picric acid was used. It
was found later that the work could be greatly simplified
by first converting the picric acid into calcium picrate
through the action of calcium hydroxide, sufficient

(16) |




View of 3ite of plant for the manufacture of chlorpicrin as well
as of the finished plant., PBoth views were taken from the same
spot, the top view being taken February 6, 1918, ard the bottom
one on May 21, 1918.




Process of
Manufazturs
of Chlor-
picrin at
Edgewood

water being used in the operation to dissolve the resulting
calcium picrate. This solution is then run into a strong
iron container (the so-called "acid egg”) and forced into
the still by compressed air,

21. Construction on the Edgewood chlorpicrin plant

began on January 25, 1918, and operation on June 9, 1918,
22. As finally developed, the process of manufac-

ture is carried out in the following way: The bleach is
nixed with water and stirred until a cream is formed. This
cream is then pumped into the still along with the solu-
tion of calcium picrate which is forced in by compressed
air., The raw materials thereby become thrroughly mixed
together. A currcnt cof live steam is then admitted at
the bottom of the still. As the temperature of the mix-
ture rises, the reaztion gradually begins, and at 85° C,
the chlorpicrin éapidly passes over together with steam,

is condensed by passing through a multitubular condenser

and then stored in large tanks., The chlorpicrin, being
insoluble in water and heavier, gradually sinks to the
bottom of the tank and is drawn off, ready to be filled
in<o shell., Tre picric acid and bleach used in the pro-
cess are employed in the ratio of one part, by weight, of
picric acid to approximately 10 parts of bleach. The
yield of chlorpicrin at the Eigewood Plant averaged about
1.5 times the weight of picric acid used. The yield at
(17)

FomT = - -




Process of
Manufacture
of Chlor-
picrir at
Stamford

Assistance
Rendered
by Olddbury
Electro-
Chemical
Company

tho Stamford Plant was slightly less,

23. The process as carried out at the Stamford
Plant (pages 11-17) was practically {dentical with that
of the Edgewood Plunt, The stills, however were much
more elaborate, being steam- jacketed and provided with
stirrers. When thre plant tegui: operation, it was found
that neither the Jjecket nor stirrers were of any assist-
ance, o that the stills were operated like those of the
plain ©boiler type. Inasmuch as the French had with-
drawn their reques: for chlorpicrin, only 9 stills were
erected; those remaining of the lot purchased for the plant
wcre later shipped to Edgewood and there utilized in the
manufacture of mustard gas.

24. In the develorment of the Eigewood phosgene
plant, great assistance was rendered by the Oldbury Electro-
Chemical Corpany. Thic company rct only turned over for
3overnment use the r:zzults of all experiments conducted
in the experimental plant operated by the Company, but
also the proposed plans for their large-scale plant.
There were algo available the reporte of the metheds of
manufacture used abroad.

25, The coadition: under which carbon mcnoxide
ané¢ chlorine urite to form phosgene (pages 7 8 ) had been
worked cut at the experimental plant referred to atove,
The chlorine suppyly wac provided for. The difficult

(18)
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problem remaininrg unsolved was that of securing an ad-
equate amount of pure carhbon monoxide. It was known
that this gas can te readily made on a limited scale by
passing oxygen over hot carbon. The reaction, however,
i3 strongly exothermic - which {s only another way of
saying that a great deal of heat is evolved. If the
reaction is carried out on a large scale, this reat be-
comes 89 intense as to make it very difficult, if not im-
possible, to keep i¢ under control. It was proposed to
overcome this difficulty by sudbstituting for pure oxygen
a mixture of oxyge: and carbon dioxide. The latter gus,
like oxyger 1tself, unitee with hot carbon to form carbon
monoxide, but the ection {e endothermic, that is, heat ab-
sorbdbing. It was thought, that by mixing the oxygen with
the proper amount of carbon dioxide the temperature could
not only be kert within the proper limits, but additional
amounte ofcarbon mcnoxide could be secured. The plan as
proposed, when put into practical operation, proved to be a
complete succees and served to furnish a pure grade of gas
in the quantity de=sired. The reaction was carried out in
large gas producers dbuilt by the United Gas Improvement
Company.

26, It was proposed to obtain the oxygen

regquired i{n the prccess by separating it from the air

(19)
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through the agency of a liquid--air machine, and for this
pur;ose there were recured two Claude machines, each guar-
anteed to furnish 109,000 cubic feet of oxygen, 99.¢4 rure,
in 24 hours, The fplans provided for the preparation of
the requisite amount of cardon dioxide by the combustion
of coke., The impure gas £o obtained was tc be purified
first by washing, anl then the process of purification
completed by absordbing the gas in a solution of potassium
carbonate, wshizh product on heating evolves pure carbvon
d1oxide. The det4ils of this process were worked out by
the Carbondale Uachine Company, Carbondale, Penneylvania,
and the necessary eguipment for carrying out this process
was ottained from this Company

27. It was decided to build the phosgene plant
In vnits, each of 12,000 pcunds capacity. Four of these
units were tc te housed in one building. This arrange-
ment would alim!t of {ndefinite expansion. The plans
were completed and work of construction begun on March
1, 1918,

23, As finally developed, the process of manu-
facture of phosgere <t the Edgewood Plant is carried out
in the followi-g wuy: Carbor monoxide, prepared as de-
scribved i{n paragraph 25, together with the requisite

amount of chlorine, 1c passed into catalyzer boxes (8°'

(20)
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long x 2'9" deep x 11" wide) which are made of iron, lined
with graphite, and filled with a porous form of carbon.
Two sets of these boxes are used. In the first the
union between the carton monoxide and chlorine is about
804 complete. Operation {s brought to completion in
the seconi catalyzer box, which iIs surrounded by hot
water, The resulting phosgene is then dried by sulphuric
acid, is condensed by passing it through lead coils sur-
rounded by refrigeratsd brine (phosgene boils at 8° C.),
and run into large iron cylinders holding about 1,650
pounds of material. In this form it {s either sent over-
seas in bulk, or to the filling plant for loading into
shell.

29. About January 1, 1918, information was re-
ceived that the Frank Hemingway, Inc., at Bound Brook,
New Jersey, had been corducting researches extending over
a period of several months on the production of phosgene.
It was learned also that the Company was operating an ex-
perimental plant ard furnishing phosgene to certain dye
manufacturers from the osutput of the plant. The Company,
learning of the needs of the Government, offered to enter
intc & contract to tuild ard operate a large-scale phosgene
plant. Inasmuch a3 the process of manufacture employed by
the Company wasz a c:cret one, the Governzert was unwilling
to enter intc 2 centract without definite information con-

(21)
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cerning the process, Accordingly, a committee, consist-
ing of Dr. M. C. Whitaker and Captain (now Lieutenant-
Colonel) William McPherson visited the experimental
plant and investigated the process. The report of the
commnittee teing favourable a contract was made by the
Ordnance Department with ths Company on a cost-plus-
profit basis, to build and operate a plant with the
capacity of 10,0C0 pounds per day. Construction on
the plant was begun February 2, 1918, and phosgene was
f£irst manufactured there cn ¥ay 17th. Thie plant was
known as the *RBound Brcok Plant of Edgewood Arsenal®,

30, The Government ncw had in process of con-
stracticn three pheesgene plantes, namely, the Niagara
Falls Plant, the Higewood Flant ard the Bound Brook
Plant. The procens:z2 of manufacture in all of these
were practically identical exczpt in the method of gen-
eruting carbon merncxide, In the Niagara Falle Plant
this gas was chtained as a bdby—-iroduct i the manufacture
cf jhosghoruc;y in the Edgewcod Plant it was prepared by
pascing e mixture cf carbton dicxide and oxygen over hot
shercoal; while ir the Bound Droox plant it was prepared
by pascsing oxygen elcne over the charcoal, this method be-
ing poscsible becauce only a limited supply of the gas was
required, The Bound Brock Plant also utilized a form of
ca:rbon in ‘he catalyzer Loxez different frem <hat used in

(22)
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the other two plants.,

31, The entire project located at Gunpowder
Neck, together with all plants built by the Government at

other localities fcor the manufacture of toxic gas, remained
under the cowmrzand ani administration of the Trench Warfare
Section until March 6, 1918, On that date Lieutenant-Col-
onel William H, Walker, then Assistant Director of the Gas
8ervice and Chief of the Chemical Service Section, National
Army, was appointed Cocleiiel in Crdanance Department of the
National Army and made Commanding Officer of Gunpowder Reser-
vation,(War Order #54, paragraph 42 Appendix, page 6 ). The
order provided that the headquarters of the Raservation be
changed from Washingtcn to Baltimore; and that Colonel Walker
should report directly to the Chief of Crdnance. The effect
of this order, therefore, was to withdraw the Reservation en-
tirely from the administration of the Trench Warfare Section,
and to make it a sz2parate unit in the Ordnance Department. A
subsequent order wac issucd by the Acting Chief of Ordnance
on April 2, 1918, (sce Appendix, page 7 ), outlining more in
detail the scope of the work at the Regservation and the
me+hod of its administration. Since this order provided
tha- the project wac to be adminicstered in accordance with
the rules and regulations governing the administration of
Arsenals, the title "Gunpcwder Reservation®™ was later chang-
ed to that of "Rig. wocd Arsenal®™, in accordance with General
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Order #7, issued unler date of May 4, 1918, (see Appendix,

Offices
Changed to page 18 for copy). Early in April the offices of the

Baltimore
Ressrvation were moved from Washington to Baltimore, while

those in immediate charge of the Construction work took up
their quarters at the Reservation i{tself. The Arsenal re-

mained as an integral part of the Ordnance Department until

Chem{cal

Warfare June 28, 1918, On this date General Orders # 62 (see Appen-
Service

Organized dix, page 9 for copy) was issued by the War Department. This

order provided that the Gas Service of the Army be organized
into a Chemical Warfare Service. The order also provided
that Major-General William L. Sibert be relieved from duty
as Director of the Gas Service, and be detailed as Director
of the Chemical Warfare Service. The entire organization
of Edgewoold Arsenal mas thereby transferred from the admin-
istration of the Ordnance Department to that of Chemical
Warfare Service, reporting directly to Major 3eneral Sibert.
32, Previcus to the appointment of Colonel
Walker as Commanding Officer of Edigewood Arsenal, the Ordnance
Department, at the request of the Trench Warfare Section,
had entered into four contracts for the manufacture of toxic

materials, These projects are as follows:

(a) Plant located at the lldbury Chemical Company,
at Niagara Falls, N.Y. (page 9)

(b) Plant located at the American Synthetic Color
Company, Stamford, Conn. (pages 11 & 12)

(c) Plant located at Frank Hemingway Company,

(24)
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General view of the Niegara Falls Plant of Edgewood Arsenal. _
Capacity 20,0C0 pounds of phosgene daily. J
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Inc., Bound Brook, N, J. (pages 21 & 22) -
(4) 7The sinking of 17 Brine Wells, about 3
miles from the plant of the Dow Chemical
Company, Midland, Mich. ( pages 38 &39)
The above were Government plante inasmuch aes they were

financed either partly or wholly by the Government.

Thelr operation, hcwevsr, was conducted by the contracting
companies, Their proper administration necessitated
the presence at each plant of a representative of the
Government together with such assistants as were necessary
to look after the Government’s interests. At first,
these plants were under the administration of the Trench
Out side Warfare Section but had no connection with the United
s States Filling Flant at Edgewood. However, under the
order issued by the Acting Chief of Ordnance under date
cf April 2, 1918, (see Appendix, page 7) they were made a
part of Edgewood Arsenal and included under the adminis-
tration of the Commanding Officer of the Arsenal. 8imi-
lar plants originating subsequent to the order of April
2nd have likewise been under the administration of the
Arsenal. These are known collectively as “the outside
plants® to distinguish them from similar ones located at
Edgewood and known as "the Edgewood plants®*.. Bach of
these outside plants is designated by the name of the city
or town at which the plant is located. A 1list of all the
chemical plants operated by Edgewood Arsenal, together
(285)
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with the names of each and the nature of the project, is
given on page 4 of the Appendix,

33. During the winter months of 1917 and 1918 the
work of construction at Edgewood was rapidly carried for-
ward., Notwithstanding the extreme severity of the
winter, the delays incident! to lack of transportation,
the scarcity and general inefficiency of labor, construc-
tion continued night and day, and rapid progress was made.,
Temporary bvarracke were built for the workmen, officers’
quarters were erected, and a temporary hospital with a
capacity of 50 beds pushed to completion. A power plant
was built in connection with Filling Plant #1. This had
an electrical capacity of 5,000 KE.W. and was designed to
furnish powsr to the filling and chemical plants as well
as for the general purposes of the Arsenal. To obtain
the nzcessary water for operating the plants, a system
was installed with a capacity of 9,500,000 gallons per
day. The water was pumped from the Bush River, nearby,
to the plants through a wooden pipe, 3 feet in diameter.
The filling plant and the power house were construycted
of tile. When the plans for the chemical plants were
ready, it was found that steel buildings could be secured,
and {t was decided to use steel whenever it was possible;
for this material, 1like the tile, is fireproof and has
the additional advantage in that much of the work of
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fabrication can be completed before shipment, and thus
less labor would be required at Edgewood where competent
labor was hard to secure; moreover, the steel could de
transported more readily than the raw materials used in

Type of
Con- the tile construction, and the sections being bolted to-

struction

gother conuld be taken apart and salvaged to greater advan-
tage in case this was desired at the close of the War.

34. Early in March,1918, Filling Plant #1 had
been completed to such an extent as to admit of limited
operation. The plant was made up of four wings or units
radiating from a common center, Near the center was
housed a refrigeration plant and adjacent to it a power

house. As completed, each of the units of the plant is

conposed, in brief, of the following:

Description
of Filling (a) The room and apparatus necessary for chilling
Plant the shell.

(b) Filling tunnel provided with machines for
filling and closing the shell.

(c) An appropriate ventilating system together
with towers for removing any toxic material which
escapes in the filling process.,
(d) Appropriate devices for receiving, cooling,
and mixing the toxic material with which the
shell are to be filled.
35. With phosgene as the filling material
the process of filling and closing the shell is briefly
as follows: The empty shell, after inspection, are
loaded on trucks together with the appropriate number
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of encased explosive charges (the so-called "boosterd)

which screw into the top of the shell and thereby close it.
These trucks bearing shell and boosters are then run by
electric storage battery locomotives to the f£1lling unit.
Here the empty shell are transferred by hand to a convey-
or, after which the conveyor bearing the shell slowly
moves through a room kept cold by refrigeration. Approx-
imately 30 minutes is required for this trensit, during

which time the shell are cooled to a temperature of about

C° F. These shell are ther transferred to shell trucks,
each truck carrying 6 shell. The truck, thus loaded,
is then drawn through the filling tunnel by means of a

chain haul operated by an air motor to the filling ma-
Process of

Filling chines. Here the phosgene, kept in liquid state by re- _
and Clos- ;
ing Shell frigeration, is run into the shell by automatic machines,

so arranged that the 6 shell are at the same time auto-
matically filled to a constant void. The truck then
carries the filled shell forward a few feet to a small
window, at which point the boosters are inserted into

the nose of the shell by hand. The final closing of the
shell is then effected by motors operated by compressed

air, The filling and closing machines are all operated

by workmen on the outside of the filling tunnel. The air
in the filling tunnel is constantly withdrawn and the tail
gases are washed in stoneware towers by appropriate chemical
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agents which remove the toxic material present. The
filled shell are next conveyed to the shell dump, where
they are classified and stored for 24 hours, nose down
on skids, in order to test them for leaks. They are
then transferred to the far end of the shell dump, where
they are painted, striped, end stencilled by air bdbrushes,
Finally, they are placed in the boxes in which they origi-
nally arrived and transported to the storage magazines,
ready for shipment.
36. The capacity of Filling Plant #1 is as follows:
(a) Two wings adapted to fill 4.7" and 5% shell
with either phosgene or a mixture of chlor-
picrin and stannic chloride (the so-called N.C.)
. . . . . 9,000 per day.

(b) Two wings adapted to f£ill 75 mm. shell with
either phosgene or N.C. 15,000 per day.

(c) Later an annex was added, adapted to fill

Livens drums, with a capacity of . .
. . . . . 900 per d‘yo
37. As already stated (page 27) Filling Plant

#1 was ready for limited operation early in March. In
the meanwhile the chlorpicrin plant of the American
Synthetic Color Company was in operation, and on March
11, 1918, there were shipped from Stamford to the filling
plant at Edgewood 111,853 pounds of this toxic material,
This amount, when mixed with the necessary stannic chlo-
ride, supplies of which were already on the ground, was
sufficient to fill nearly 100,000 -78 mm, shell. By
(29)
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the middle of March, therefore, Bigewcod Arsenal was
ready for business. The necessary shell and boosters,
however, were not available, and in fact 4id not become

available for many weeks more, and then only in limited

o

quantities.
38. As soon as it was decided to duild Govern-

ment plants at BEdgewood for the production of toxic mater-
fals, steps were taken to provide for a suitadble chemical
laboratory, properly equipped and manned to solve the many
problems constantly arising in the operations of a chemical
manufacturing plant.

39. The plans for the laboratory were begun _]
about January 1, 1918, and steps were taken at once to |
place orders for the necessary chemicals, apparatus and
books. Work on the construction of the laboratory was 1
begun April 7, 1918, and the first chemical werk carried on
was on June 13, 1918, The laboratory is built of hollow tile
and contains 21 rouvms, cach of which was designed for carry-
ing orn epecial work. Before the laboratory was complete,

80 many problems arose in the developmant of the methods of
ranufacture of varfous toxic material that provisional lab-

oratorics were established at the following localities:

Bureau of Standards Washington, D. C.
Geophysical Latoratory Washington, D. C.
Ohio State University Columbus, Ohio.
Johns Hopkins University Baltimore, Ma4.
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40. In addition to the regular Chemical work
of the laboratory, there was later assigned to it certain
inspection work of the Arsenal,

41. . In connection with the rcutine control
of the chemical operations in the various plants of the
Arsecnal, no less than 167,092 single chemical determina-
tions were made. The investigations carried on in the
laboratory dealt with all phases of the various activities
of Edgewood Arcenal, and were submitted in the form of
reports. The number of reports so issued is 460. It was
due to the splendid work cof this laboratory that the manu-
facturing plants for toxic gases were so promptly put upon
a productive basis and their 2fficiency constantly maintained.,

42, As the work progressed, the informaticn from
overseas indicated that much larger quantities of toxic
gas would be required than was criginally supposed. The
manufacture of this amount of gas demanded ah enormous sup-
ply of raw materials, and inéreasing attention was given
to their procurement. Mcet rrominent among these raw ma-
terials was chlorine, for this gas is not only used directly
in weve attacks, but it is also essential for the production
of rearly all the otier toxic gases employed in warfare.
Fortunately, it had long been used in the United States, and
its manufacture was on a thoroughly established basis before
War sas declared. The pre war production of chlorine averaged
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about 900,C00 pounds per day,. The greater amount of this

was utilized in the manufacture of bleach. Threo of the

existing plants were equipped for liquefying the gas, and
had a total output of atout 60,000 pounds per day. This
pre-war production was somewhat in excess of the country’s
peacetime demands, and esome of the existing plants were cap

able of a limited expansion, Moreover, in order to help

out {n the emergency, the paper companies agreed to use dur
ing the period ¢of the War only half as much bleach as is
ordinarily used in bleaching paper pulp, and this arrange-
ment would add considerably to the supply available for war
purposes., It was soon recognized, however, that even with
these accessions to the amount available, large additions

would have tc be made to the chlorine output of the country

in order to meet the proposed toxic gas requirements. f

43. The question as to the best method for
increasing the chlorine supply of the country was one to
which a great deal of thought was given. The chief aif-
ficulty lay in the procurement of the necessary electrical
power or the eguipment reguired for generating this power.
It would be necessary %o utilize electrical equipment al-
ready completed or nearly so, &s it was out of the question
to wait for the complete fatrrication of such machinery. A
certain amount of electrical power was either availadble or

could be made s0 in relatively short periods in different

(32)




mm\'f\'
SARF!

View of the ‘ransformer station at ithe chlorine plant. The
current received from the hydro-electric station at McCalls
Ferry, Pa., 2t 68,000 vclte is here reduced to 6600 volts,
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places throughout the countiry. The chlorine, however,
would have to be utilized at Eigewood, and its manufac-
ture at points remote from this locality necessitated
its transportation - a difficult and more or less danger-
ous undertaking when large quantities of gas were to be
handled, to say nothing of the delays of transportation
which seemed inevitable from the experience during the
winter of 1917 - 1918, If the chlorine were generated
at Eigewood, on th~ other hand, this transportation would
be avoided. In its place, however, there would have to
be transported raw materials used in its manufacture; but
these materials, principally salt and cnal, are easily
transportzd, and differ from the chlerine in that they
could be shipped and stored up in large quantities dur-
ing the period of the year when transportation is easy,
andl thus guard against a possible shortage during the
winter period when transportation is difficult, a fact
of very great importance.

44. So far as transportation was concerned,
therefore, the arguments were all in favor of locating
a plant at FEdgewood. If located there, however, new
sources of electrical power would have to be developed.
It was found that there was immediately available a ro-
tary unit sufficient to generate an electrical current
of 10,000 K.W. Voreover, an additional unit of this
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capacity was under construction and could be made available
within a few months. These two units would furnish suf-
ficient electrical jower to goncrate more than 200,000 pounde
of chlorine per day (125 K.W. are required to generate 2,0.0
pounds of chlorine in 24 hours)., The instullation of this
equipment would cauce scme delay. It developed, howevear,
that sufficient current for operating tne plant in the
interim could be obtained by extending a transmission line
from Edgewood, a distance of about 10 miles, to the electriec
lines which tie up the hydro-electric power plant of the
Pennsylvania Water & Fower Company at McCall's Ferry, Pann
sylvania, with the Consolidated Gas & EBlectric Light &
Power Company of Baltimore, Maryland.

45. Tuking all the facts into consideration,
and after a thorcugl investigation and discursion, it was
decided to meet the situation by builiing a chlorine plant
at Fdgewood with a capacity of 270,2CC pounrnds per day (2 -
100,000 pounds unitse), The Nelson Cell was relect=d for
use in the propos=ad plant. Each of these cells is 13" x
22" x 80" in size, is operated by a current ol 1,000 amperes
and 3.8 volts, and 1.3 & zapacity of 60 pounds of chlorine
and 65 pcunds of caustic soda per 24 hours., The engincer-
ing work in connection with the plant was as~igned to the
Samiel M. Green Engineering Cymjany, Springtield, Masse-
chussetts, and this Company was assieted by Mr. H. R. Neison,
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the inventor of the lNelson Cell, The plans when complet-

ed called for the following buildings and equipment:

(a)

(b)

(c)

(d)

(e)

(£)

THE BRINZ BUILDING, in which the salt used
in generating the chlorine is received,
diesolved in water, and purified,

THE CELL HOUSE, composel of 2 buildings,
each of which is divided into 4 rooms.,
Bach room contains €6 tanks of 72 cells
each, and has a capacity of 25,000 pounds
of chlorine per 24 hours, thus giving a
total capacity for the entire plant of
200,000 pounds per 24 hours.,

THE ELECTRICAL SUBSTATICN,. The current

ias received from the hydro-electric power
plant at 68,000 volts and reduced at

an outdoor transforming station near the
cell plant to 6,800 volts; the substation
contains the equiprment necessary to further
reduce this to 20C volts, and change it from
alternating to direct current at approxi-
mately 260 volts.

THE BOILER AND EVAPCRATICN PLANT con-
tains the necessary boilers and evapora-
tors for concentrating the caustic solu-
tion received from the cells,

CAUSTIC FUSION BUILDINGS, in which the
concentrated caustic solution obtained
from the evaporation plant is evaporated
to dryness, and the resulting caustic soda
fused into solid ferm, ready for shipment.

LIQUEFYING PLANT, with provisions for
liquefying 100,000 pounds of chlorine per
day. The chlorine is pumped to the top
of a tower by means of a Nash pump working
in sulgphuric acid. The tower is pro-
vided with a number of vertical pipes
through which a flow of sulphuric acid is
constantly maintained. The chlorine at
the top of the tower is sucked into these
pipes by the falling column of sulphuric
acid. By the time it reaches the btottom
of the pipe it is under a pressure of from

(35)
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35 to 40 pounds per square inch, due to
the weight of the falling column of sul-
phuric acid. The compressed gas is then
cooled to about#S0° C, under which condi-
tion it passes into the liquid state, and
in this form is stored in strong iron cyl-

inders,

In the main, the buildings comprising the chlorine plant
consist of wood framework with expanled metal walls
plastered on both sides with cement plaster, The only
exceptions to the above type are the caustic fusion build-
ing, which contains steel framework in place of wood, and
the substation, which is entirely fireproof, the walls be-
ing of tile and the roof of corrugated iron.

46, In order that an efficient operating
force might be available upon the completion of the plant,
arrangements were made with the Warner-Klipstein Chemical
Company of Charleston, West Virginia, to use the chlorine
plant of this Company, which was similar in construction
to the proposed Government plant, as a training school.
Accordingly, groups of enlisted men were sent to this
plant from time to time during the spring and summer to
study details of operation. As a result, when the Govern-
ment plant was completed, there was at hand an efficient
and trained corps of workmen. The plant was ready for
operation August 1, 1918, but since the chlorine could not
at that time be utilized, operation was not actually begun
until Septembder lst. Trhe cell gas generated by the plant
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averaged over 2847 ohilorine, results which can be achieved

only through the combination of efficient construction
and skilful operation. This was of sufficient purity to
engble 143 direct uze in the manufacture of phosgene with-
out going o tne trouble of first liquefying it.

7. Coinzident with the building of the
chlorine plant, the work of constructing a power house and
equipping it with the necescary machinery for furnishing
electric power wag uniler way, The site chosen for the
power house was on the tanks of the Bush River and a short
distance from the docls; nence the name "Bush River Power
Plant®, This plant was to ccnsist of 2 - 10,000 K.W,
Allis-Chalmers turto-generstors with Stirling boilers.

I+ was preposad to utilize the slectrical power of this
plent not only to supplement that obtained from outside
gources for generating chlorine in the Government plant un-
der construction, 'ut ©lco to provide power for increasing
the output reyond £20,000 pounds per day, since it was
almost certain that a grenatly increased amount would be de-
manded if the war continued during any extended period.

The engineering plans for ‘he plant were prepared by Sar-
gent & Tundy, and the work of construction was carried out
by the Foundation Tompany. Trhe building consists of steel
framework on concrete fcundations, It has hollow tile
walls and asbesto:s covered corrugated iron roof. Work was
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nearly completed when stopped by the signing of the Arm-
istice.

48. While the program for increasing the
chlorine supply was tsing carried out, steps ware also
being taken to increase the bromine output of the country.
This liquid has a limited use in gas warfare in the produc-
tion of lachrymators c=uch as xylyl bromide ard brombenzyley-
anide., The entire tircmine output of the :ountry in the pre-
war period amounted to less *han 1,500,000 pounds annually.
This bromine was used almost entirely in the manufacture
of bromides, which In turn were used for medicinal and
photographic purgposes, It was certain that the demand
for bromine for these purposes would bve irncressed rather than
decreased during the War, It wus ncressary, therefcre, to
increase the production to an amount correspcnding with the
quantity required for toxic gas purposes,

49, The source of tromine i3 the brine obtained
by sinking deep welle in certain localities of the country.
The richest bromire bLeuring brine is that obtained near
Midland, Michigan, and the Zow Chemical Company of ¥idland
produces more than two-thirds of the tctal bronine cutput
of the country. Because of the extensive experience of
the Dow Chemical Compary {n all matters pertaining to tlre
prodaction of tromine, arrangements were made with the Com-
pany to superintend the sinking cf 17 Government brine wells
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in the vicinity of Midland. The arrangements provided
that the brine secured frcm these wells be pumped to the
plant of the Dow Chemical Company, and tromins there re-
covered. The work of sinking the wells began in March,
1918, and the entire project was practically zompleted
when the Armietice was signed. The finished plant,
known as the "Midlanrd Plant®, comprises 16 producing wells,
21 well sites, approximately 25 miles of pipe line, 15
miles of power transmission line, and a 300-K.W. central
power plant and pumping station. The plant is now the
property of the United States, is in excellent condition,

and capable of producing approximately €5C,CO. pounds of

bromine per year.

50. It was during the summer of 1917 that the
Germans began to use dichlorethyl sulphide, commonly known
in war parlance as "Mustard 3as®, But 1littlie attention was
paid to it at first by the Allies, who regarded {t as much
less efficacious than the other gases then generally employed
As time passed, however, the Germans usel the gas i ev:r
increasing quantities, and more information was gained in
regard to i{ts effects upon the troops. It was then real-
1zed that for certain purposes this gas was iealy the most
insidious one g0 far employed. England ani France there-
upon immediately begnn to concentrate their efforts in de-
veloping 2 commercial method for its manufacture, The
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Bureau of Mines, likewise, began to study the problems
involved and soon concentrated its energies on this sub-
ject. Two general methods for its preparation were known.
These were designated by the name of the raw material used
in the preparation, as (a) the chlorhydrin method, and (b)
the sulphur moncchloride method . The former of these
methods was apparently the much more expensive of the two,
and was very wasteful of chlorine, a serious defect because

of the shortage in the chlorine supply. The sulphur mono-
chlo}iie method, on the other hand, seemed to have great
advantage in that the chloride could easily be prepared and
its conversion intc mustard gas brought about in a single
operation by the action of ethylene under proper conditions.
These conditions, however, had not been worked out satis-
factorily.

51. It was known that the Commercial Research
Company of Flushing, Long Island, had patented a process
for the manufacture of chlorhydrin, and conversion of this
into mustard gas was not a difficult matter, In o§der
to avoid delay therefore, and upon the recommendation of
the Bureau of Mines, a contract was made with the Commer-
cial Research Compeny ,on April 13, 1918, to build and op-
erate a plant havirg a capacity of 10,000 pounds daily of
Mustard ges. Befcore work on this plant had proceeded very

far, it became increasingly evident from the results at hand
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that the sulphur monochloride method was much simpler than
the chlorhydrin. Accordingly, on June 28, 1918, there being
no prospect of early production by the Commercial Research
Company, the contract with this Company was cancelled, and
effort was concentrated on the sulphur morochloride process,
52. The sulphur monochloride process on paper
looked 1like a very simple matter, Apparently, it was only
necessary to pass ethylene into the sulphur monochloride
contained in a vessel (reactor) of suitable size and fitted
with appropriate devices for thoroughly mixing the two ma-
terials., As a matter of fact, the problem proved to be
the most aifficult of all those undertaken by Edgewood
Arsenal. Heat is evolved in the reaction and must be con-
trolled with the greatest care; otherwise the entire mass
rap’dly decompcses, resulting in a condition exceedingly
dangerous and di{fficult to handle, The most serious
troubles, however, werec those resulting from the separation
of sulphur which clogged the machinery and pipes. In order
to find methods for overcomirg these difficulties, the
Bureau of Uines had established experimental units not only
at the American University, where the Bureau had erected a
large laboratory for gas {nvestigation, but also at the
plants of the Dow Cremical Company, ¥idlard, Michiganrn, and

Zinsser & Compary, Hastings-orn-Hudson, Nex York, An experti-

men<al uni{t was alasc installed at the Government plant started
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by the Ordnance Department in Cleveland,Ohio, waich plant
later became the Development Division of the Chemical Var-
fare Service. In these dAifferent plants the following
types of reactors were employed:

(a) The American University Type.

This consists of a lead-lined iron tank
(2'x4'x5') provided with cooling coils.,
Thorough dissemination of ethylene through
the sulphur monochloride {s secured by in-
troducing the gas through a series of f£il-
tros blocks at the bottom of the converter,
These blocks are made of a porous material
and ths ethylene passing through forms a
large volume of small bdbubbles which rise
continuously through the liquid. This
type of reactor has a capacity of about
2,000 pounds.

(b) The Dow Type.
This consiets of a large cylindrical lead-
lined iron drum rotating on its horizontal
axis, The gas is disseminated through the
liquid by the rotation of the drum. The
lower part of the rotating drum i{s immersed
in a tank of water, and in this way the
temperature of the reaction is controlled.
Cold water may also be sprayed on the tank
from above.

53. The, experimental work continued night and
day, and by May 1, 1918, it was felt that sufficient informa-
tion was at hand to juatify the conetruction of a large-scale
plant at Edgewood. It was recognized that this plant would
be experimental at first, and would have to be changed from
time to time in acccrdance with the results obtained. It

was believed that in the development of the plant, along with

(42)

e — — -




Prench
Type of
Reactor

the experience gained, a large amount of mustard gas would
be prepared, and this proved to be the case. As a matter
of fact, the preparation of the plans, the construction of
the plant and its operation later went hand in hand.

54, Abéut this time reports came from the American
Rxpeditionary Forces to the offect that the French had de-
veloped a type of reactor which was reported to be working 1
satisfactorily. The French reactor has a capacity of from
1200 to 1500 pounrds, It is water-jacketed and provided
with cooling coils, Dissemination of the reacting pro-
Qucts ia'éecured by leading in ethylene at the bottom of
the still under 50 pounds’ pressure, The gas is con-
ducted through a amall upright tuvbe in such a way as to
draw a current of sulphur monochloride along with it to

a point just above the surface cf the liquid {n the re-

actor, where it strikes a baffle plate and is thrown down
again {nto the body of the liquid. A little later the
Cleveland laboratory developed a modification of the

French type, which tecame known as the Cleveland type of
reactor. This ras about the same capacity as the French
type, narely, froem !200 to 1500 pounds, It 18 not water-
jacketed, however, and the ethylene {8 run in from the top
of the reactor in place of the bottom as {in the French type.

It {3 provided with suitable cocling coils, and dissemina-

tion of the reacting materials {s secured by means of s
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stirrer fitted with lead covered paddles.

58. After due consideration of the various types
of reactors that had been devised, it was decided to use the
Prench type at the proposed plant., The plans called for a
plant of a daily capacity of 100,000 pounds, built {in four
units radiating from a central ethylene compressor system.
Bach unit was designed to contain 16 reactors, The main
buildings of the plant were to consist of steel framework
with corrugated iron sides; some of the smaller buildings
were to be of hollow tile construction. Corstruction on
the plant began May 18, 1918,

58. For generating the ethylene it was decided
to use the methoed developed at the Cleveland laboratory.
This consists in paesing the vapor of alcohol, mixed with
about 25¢ of its weight of steam, through a vertical iron
tube (8" x 8°) filled with kanlin heated to about 50.° C.
The resulting ethylene {c washed with water and dried with
sulphuric acid.

57. Coincident with the building of the plant,
steps were being tak>n to secure adequa‘e supplies of raw
materials necessary for the production of mustard gas, namely
alcohol and sulphur monochloride. The alcohol was re-
quired for the generation of ethylene and could be obtained
in the quantities desired on tze open market. The normal
output of sulphur mono:hloride, on the other hand, ie very
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small so that but little of {t was available. It is
easily made, howev:r, by rpassing chlorine into a large tank
partially filled w{th sulphur. Co-operation of the
chlorine producers of the count}y was desired and repre-
sentatives of the various plants met in Baltimore on

May 27, 1918, As a result of the conference, contracts
were entered into which wmade it possible to secure ap-
proximately 300,CCO pounds of sulphur monochloride per
day, in case this amount was demanded. Production of
this amount, howerer, would necessitate a corresponding
decrease in the output of bleach, large quantities of
which were being utilized by the Government in the manu-
facture of chlorpicrin, There was no objection to this,
however, because {t was felt that mustard gas would almost
sntirely replace chlorpicrinr, In order tc¢ guard against
any deficiency of sulphur moncchloride, it was also decided
to install a Government plant at Edgewcod, (page 51).

58. In accordance with the terms of the sulphur
monochloride contracts, the Government was tc supply the
necessary sulphur. This had to be shipped from Louis-
fena and Texas, and the difficulties of transportation
during the winter of 1917-18 were well known., In order
to guard against a possible shortage during the winter

months of 1918-19, large quantities of sulphur were

shipped during the summer and fall and stored at the
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various sulphur monochloride plants.

59. Before the first large unit of the mustard
gas plant was ready for operation, it was decided to replace
4 of the 16 French reactors composing this unit with those
of the Cleveland type. The Americen University reactor al
so seemed to be giving gecod results, and two of these were

designed for use and erected at one side of the main plant.

These were the first to come into production, starting
June 19, 1918, Trouble soon arose due to plugging of the ?
pores of the filtros blocks, and some other method had to be

devised for introducing ethylene. For this purpose there

was constructed a nozzle, which was placed near the bottom
of the reactor and arranged in such a way that the ethylens,

forced downward through the nozzle, carried along with it a

current of sulphur monochloride, thus insuring a thorough
dissemination of the gas throughout the liquid. The Cleve-
land type of reactor gave excellent results at first, buat
soon failed because the lead covering on the paddles was
torn off, thus exposing iron to the action of the chemicals,
60. Operation in the first large unit began
August 1, 1918, The French nozzles for introducing ethylent
did not work weil, and were immediately replaced by those of
the Edgewood design. The separation of sulphur in the re-
actors and pipe was a scurce of constant trouble, but was
partially eliminated by running each charge as soon as com-
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plete into large settling tanks., Here the sulphur sepa-
rated and the resulting clear liquid removed by compressed
air,

61, Before the construction of the second large
unit began, much additional information was at hand, and
it was decided to replace the smaller type of reactors
(capacity about 15C0 pounds) by a much larger type hav-
ing a capacity of about 30,000 pounds. The unit was to
consist of 7 of these., The reactors were of the jacketed
type and in addition were provided with extensive cooling
coils through which refrigernted brine could be circulated
so as to keep the temperature down., It was proposed to dis-
seminate the ethylene through the ges by introducing it
either through filtros blocks or by nozzles of the Edgewood
design. In addition, stirrers were provided principally
for keeping the contents of the reactor uniform in temper-
ature, Careful consideration was also given to methods
for removing the sulphur formed in the reaction.

62, About the middle of August, Brigadier-

General Amcs A. Fries of the American Expeditionary Forces
sent to the United States Major Frederick Pope with the plans
of the so-called "Lev instein Trocess”, which had been tried
out on an experimental scale in England and was reported to

have an advantage in that the reaction could be controlled

more readily and the sulphur, in place of separating and
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clogging the equipment, remalined in cclloidal suspension

in the finished proiuct. The Levinstein Process differed
from those used in the United States in the following par-

ticulars:

T —

i (a) The reaction iz carr’ed out at a temperature
of 35° C. rather than 55° C.

(b) The reactors are made of cast iron and are
not lead lined.

f (¢) In place of introducing into the reactor the
entire charge of sulphur monochloride at the
beginning of the operation, this liquid is
led in gradually along with the ethylene,

63. Immediately upon Major Pope's arrival
(August 17th), it wa3 decided tc install a trial reactor

of the Levins*ein type, and *‘he work was pushed as rapidly

Levinstein
Reactor as possible. While this work was being carried out, a
Installed ,
number of the reactcrs in the first unit of the large b
{
plant were kept in operation, producing on an average of
20,000 pounds mustard gas daily. The Levinstein reactor
| _ was ready for operation Cctolker 3, 1918, It had a capacity
of 24,000 pounds, ani operated in a fairly satisfactory i
manner., During the latter part of October, the first large |
reactor in thz secondi unit was completed, and the work of |
Producing
Capacity installing the remaining reactors: was nearing completion. !
of Mustard |
Gas Plant The operation of thre others had practically ceased, however,

because every available mustard gas container was filled with
the material, and this was the ccendition when the Armistice

(48)




Buffalo
Mustard
Gas Plant

was signed. At this time the plant had a producing capa-
city of 60,000 pounds per day, and a rapid increase up to
200,000 pounds per day was confidently expected. The
total production of mustard gas at Edgewood was 1,422,000
pounds, Of this amount approximately 380,000 pounds had
been shipped overseas in bulk, and 670,000 pounds had been
loaded into shell, The remainder was held in storage at
Rdgewood at the date of the Armistice, awaiting supplies
of shell and boosters,

64. Because of the large amount of mustard gas
required to meet the War program and in order to guard
against delays due to accidents, it was decided to construct
more than one plant for the production of this material,
The National Aniline & Chemical Company of Buffalo, New
York, offered to assist the Government without profit to
itself in the development and operation of a large-scale
plant. This Company was known to have a large and effi-
cient research laberatory, and it was thought that the
experience gained bﬁ the Company in the development of the
dye industry of the country would be of great value in over-
coning the difficulties attending the manufacture of mus-
tard gas. Moreover, the raw materials for the manufac
ture of the gas were available at Buffalo on short hauls,

while the finished product could be shipped to Edgewood

on the same special *rain with the phosgene manufactured at
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Niagara Falls. A contract was made, therefore, with tne Comp-

any to supervise the construction and operation of a plant

with a capacity of 100,000 pounds daily. The contract was

dated July 6, 1918, Construction on the plant began July

17th and was about 904 complete when the Armistice was signed.

The plant was knowa &3 the "Buffalo Plant of Edgewood Arsenal®, ™

€5. Attention has already been called tn the fact

(page 41) that the Bureau of Mines had operated an experi- i

mental unit for the manufacture of mustard gas at the plant |

of Zinsser & Company, Hastings-on-Hudson, The work had been

extensive in character, and it was thought that the experience
Hastings

Mustard gained by those connected with this experimental unit would
Gas Plant

be of value in the construction and operation of a large-scale
plant. Moreover, the firm of Zinsser & Company offered to
lease to the Government, at the nominal sum of $1.00 per year,
a tract of land adjacent to the plant of the Company, upon
which a large-scale plant could be built. The land bordered
cn the Hudson River, thus making it possible to ship the fin-

l ished product directly from the plant to our armies in France.
| It was decided to lease the land and build a third large-scale ‘

plant for the manufacture of mustard gas. Construction began

July 8, 1918, As criginally proposed, the capacity was to be

50,000 pounds daily, but this was later extended to a capac-
1ty of 100,000 pounds. At the date of the Armistice a 20,000
pound unit was finished, the r2mainder of the plant being
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about 95¢ complete. This plant is known officially as the
"Hastings Plant of Edgewood Arsenal®,

66. The work at Edgewood Arsenal was seriously
handicapped during the late summer and early fall bty the
epidemic which prevailed throughout the country. The dis-
ease was especially severe at Edgewood, and the work at a
number of piants was practically suspended while the epi-
demic was at its height. Notwithstanding the severity of
the disease, many of the afflicted men kept doggedly at
their work, realizing its great importance and value in
winning the War.

67. It was stated on page 45 that a decision was
reached to build a sulphur monochloride plant at Edgewood
in order to guard against any deficiency in this material.
The operation of such a plant in connection with the chlo-
rine plant at Edgewood would make it possible also to util-
ize the tail gases from the chlorine liquefying plant, and
thus effect considerabdle saving. The work on the plant
began June 20, 1918, and operation on September lst, the
first chlorine generated in the Government chlorine plant
being utilized in the manufacture of sulphur monochloride.
The plant as constructed ccnsists essentially of 30 tanks
(78" diameter and 35' long), each capable of producing 20,000
pounds of sulphur monochloride per day. It was the in-
tention, however, to use only a limited number of the tanks
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for actual production, the remainder being used for storage.
The process of manufacture is as follows: The tanks are
partially filled with sulphur, and chlorine passed in. The
reaction proceeds rapidly with the evolution of sufficient
heat to keep the sulphur in a molton condition, If the
chlorine is passed in too rapidly, the heat generated may
be sufficient to bcil off the sulphur monochloride formed;
hence water pipes are provided so that, if necessary, a sup-
ply of cold water may be sprayed upon the tanks and the
temperature thus kept within tae proper limits.

68. Civilian labor was employed in the construction

work of the Arsenal, Before the chemical plants were com-

pleted, however, it became evident that such labor could not

Character
of lator be used in their operation. Not only was this labor diffi-

Employed

cult to secure, but the wages were abnormally high, and as

a whole, the work was inefficient. Moreover, it was found
that such civilian laborers as were available could not be
depended upon to work in the chemical plants because ¢f the
danger, both real and imaginary, attending the manufacture
of such highly toxic material., It was decided, therefore,
to utilize enlisted men in this work, and as the projects

adranced increased numbers of cuch men were detailed to

the Arsenal.
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69. The following table gives the number of offi-
cers, enlisted men snd civilians engaged in work at Edgewood
at the detes designated. Exact data concerning the number of
enlisted men and officers present during January, Febuary and

March, 1918, is not available,

DATE OFFICERS ENLISTED LEN CIVILIANS
January 1, 1918 3661
February 1. 5249
March 1. 5970
March 260. 68 441

April 8. 70 781 5446
May 1. 84 1308 6248
June 1. 88 1424 8483
July 1. 112 1624 8542
August 1. 121 3439 6622
September 1. 180 6360 4587
October. 233 6948 3066
November. 290 6971 1884
December 1. 314 7161

December 27. 280 4222 615

70. In June 1918, the enlisted men were formed

into four battalions, each battalion being composed of a
sufficient number of men to carry out the duties assigned.
The strength of the battalions and the duties assigned to
each are as follows:

(a) 1lst Battalion:

Strength on November 11, 1918. 21 officers
1218 enlisted men

Duties # « » & & All duties connected
with cost accounting
work, checking,time,
keeping; guarding
the plant.
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(b) 2nd Battalion:

Strength on November 11lth - 75 officers
3393 enlisted men

Duties * * * * * QOperation of the fill-
ing plant and the
maintenance of the
entire Arsenal.

(¢) 3rd Battalion:

Strength on November 11th - 100 officers
1570 enlisted men

Duties * * ¢ * * Operation of the
chemical plant,

(d) 4th Battalion:

Strength of November 1lth - 26 officers
513 enlisted men

Duties * * ¢ & ¢ QOperation of the
chlorine plant. J

Each battalion was further subdivided into companies of {
approximately 250 men each with proper officers.
71. On November 11, 1918, there were 272 military
rolice and 191 guardsmen on guard duty.
72. When the work first began at Rdgewood, tempo-
rary barracks were erected for the workmen. They were of

the standard cantonment type of construction, being wooden

Construct-
ion of buildings covered outside with tar paper and lined inside
Barracks
with composition boardi. The buildings were heated with the
standard cantonment stoves and lighted with electricity.
l The number of these barracks was increased from time to time

a8 the number of workmen grew, until finally there were
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accommodations for 6,.0C men. These temporary barracks
were afterwards used by enlisted men., In addition to the
temporary barracks, permanent ones were provided accomcdating
about 2,50 men. These had hollow tile walls, plastered
both inside and out with cement plaster. Each one contained
a goneral assembly room, shower bath, was steam heated and
lighted with electricity. Taken altogether, 86 cantonments
were huilt accomodating about 8,500 men. Three officers’
quarters were built with accomodations for 290. One of these
was of the temporary type of construction, one of the perma-
nent, and the third of an intermediate type.

73. It was known that the work at Edgewood would
be severe and dangerous as well; consequently, provisions
wer2 made for ample diversion for the men when off duty.

Both the Y.M.C.A. and K. of C. constructed huts which were
provided with ample library facilities and moving picture

outfits. A band was organized and athletics encouraged.

Teams were formed and gave a good account of themselves in
a number of contests.

4. The work of construction of the chlorpicrin
and phosgene plants at Edgewood continued uninterruptedly
during the spring months of 1918, On June S5th the chlor-
picrin plant was ready fcr operation, the first run being

mada actually on June 9th. The maximum amount of product

mads in this plant in any one day of 24 hours was on Sep-
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tember 25th, when 61,200 pounds were produced. The total
output of the plant up to the date of Lhe signing of the
Armistice was 2,326,000 pounds.

e Reference has been made (pages 11-12) to the
contract let to the American Synthetic Color Company for the
production of chlorpicrin, It was found necessary, in order
to obtain maximum production, for the Government to take
over this plant, Accordingly, it was leased and operated
by the Government until closed at the signing of the Armis-
tice. There was produced at this plant (known as the Stam-
ford Plant) a total of 3,226,000 pounds. The total produc-
tion of chlorpicrin at the Edgewood and Stamford Plants was
5,552,00C pounde, of waich amount 2,806,000 pounds were
shipped overseas in bulk, The total producing capacity of
the two plants at the date of the Armistice was 3,000,000
pounds monthly.

76. Production in the phosgene plant at Edgewood
began July 5, 1918, and gradually increased until the date
of the Armistice, when it had reached 40,000 pounds per day.
The second tuilding, increasing the daily capacity to 80,000
pounds, was expected to be comrleted by November 15th, and
the third building, giving a total capacity of 120,000 pounds
per day, by March 1, 1919. The total production of phosgene
at Edgewood was 1,870,000 pounds, The Niagara Falls Plant,

constructed and operated under the guidance of the Oldbury
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Electro-Chemical Company (page 9),came into production on
August 5, 1918. The total amount produced at this plant
was 870,000 pounds., There was also produced at the e¥peri-
mental plant located at Niagara Falls a total of 83,070
pounds. In addition to the above, the Bound Brook Plant
pages (21-22) produced 410,0C0 pounds. The total amount

of phosgene produced for war purposes was 3,233,070 pounds
of this amount 840,020 pounds were shipped overseas in bulk.
The total production figures for phosgene and chlorpicrin,

arranged in tabular form, are as follows:

PLANT PHOSGENE CHLORPICRIN
Edgewood Plant 1,870,000 pounds 2,326,000 pound
Niagara Falls Plant 870,000 *

Niagara Falls EBxperimental Plant 83,070 "
Bound Brook Plant 410,000 "
Stamford Plant . 3,226,000 *
TOTAL 3,233,070 U 5,552,000 *

7. When the plants for the large-scale production
of toxic gases came into operation, an embarrassing situation
arose because of the lack of shell and boosters., The nature
of these gases is such as to make it impossible to store up
any large quantities, to say nothing of the danger attending
such a procedure, For a while a considerable amount of ma-
terial was shipped overseas in bulk, and there loaded into

shell or otherwise utilized, The total amount of different

gases shipped in bulk is as follows:
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Liquid Chlorine 2,976,000 pounds
Chlorpicrin 3,806,000 "
Phosgene 840,000 *
Mustard Gas 380,000 "
White Phosphorus 342,000 "
Tin Tetrachloride 212,000 *

Later the shipment o thess gases in bulk was crdered stopped,
and “rom that time all production was correspondingly lim-
ited by the supply of chell and toosters, a condition which
prevﬁiled up to the time of the signing of the Armistice.

78. Construction on Filling Flant #2 was begun
in April 1918. Liks Filling Plant #1, it was to be made up
of four wings, each of which was to be provided with the nec~
essary equipment for filling 6% or 8" shell, Its capacity
was rated at 36,000 shell per day. The entire plant was about
80¢ complete at the date of the Armistice; a part of it, how-
ever, had been equipped temporarily and used for filling 75 nm,
chell with mustard gas. Construction on Filling Plant #3
began early in June 1918, This was designed with two wings,
each of which was tc ve previded with equipment for filling
75 mm., shell at the rate of 42,000 per day. The plant was
about 80f complete when work was stopped on November 11, 1918.
The filling plants had cement floors, steel framework and tile
walls.

79, In addition to Filiing Plants#l, #2, and
#3, the following filling plants were constructed or nearing

completion at the time of the Arﬁistice:
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(a) STANNIC CHLORIDE GRENADE PLANT - capacity
25,000 per day., A total of 363,776 grenades
was filled.

(v) VHITE PHOSPHORUS GRENADE PLANT - Capacity
30,000 per day. This was not completed at

Filling the time of the Armistice. The necessary

Plants feor equipment, however, had been resceived, housed

Grenades, in a temporary building and operated, a total
| Smoke Shell of 440,153 grenades being filled.

& Drop Bombs
(c) WHITE FHOSFHORUS SMCKE SHELL PLANT - capacity
: as follows:
i55 mm, shell - capacity - 2,000 per day, or
4.,7" or 5" shell - * 4,000 0 * 0w
75 mm, shell - " - 6,000 * »

This plant was completed but not operated be-
cause of lack of appropriate shell,

(d) INCENLTARY DROP BOMB PLANT - capacity 2,000 per

day. This was completed and operated, a total

P of 2,616 bombs being filled.

7 s

It will be noted from the statement male in the
previous paragrapk that only a small number of incendiary
drop bombs were filled. The war program called for a large
number of these, aad Edgewood Arsenal had been notified early
in the year of 1318 to prepare to fill them, Accordingly,

a suitable plant wis erested ard machinery installed. The

Incendiary

4 bombs were of twc types, designated as Mark I and Mark II,
Wren the bombs began to arrive, it was founl immediately
trat the Mark I variety could not be loaded with the joint
it. the tomb as thes made., By the time this was corrected,
ordere were received not to fill any more of this type as

‘hey were found to be uncuitable for overseas use., About

2,000 of the Mark II type werc loaded when crders were re-—
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Filling hand grenades with phosphorus.
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ceived to stop the work as it was found that the bomd did
not function properly when dropped under service conditions,
The equipment devised by the Arsenal for filling these bombs
was found to work admirably and had a minimum capacity of
2,000 bombs per day.

81, The demand for Livens drums by the American
BExpeditionary Forces was very insistent, and arrangements
were made to £ill these as soon as the production of the
drums began. It was decided to utilize the entire pro-
duction of the phosgene plant at Niagara Falls for filling
Livens. Operation of this plant in the filling of these
began on August 25, 1918, and kept pace with the receipt
of the Qrums, a total of 18,768 being filled up to the time
of the Armistice. An annex to Filling Plant #1 at Edgewood
was also constructed for filling these drums and the work of
filling began on August 30th, Up to the time of the Armis-
tice there had been received and filled at Edgewood 6,921
Livens drums,

82. It has already been stated (page 29 ) that a
portion of Filling Plant #1 was sufficiently completed early
in March 1918 to admit of limited operation, had the neces-
sary shell and boosters been at hand. It was not until
July 11, 1918, that a sufficient supply of these was at hand
to warrant the stariting of the plant. The first shell fill-
ed wvas of the 75 mm. type, and the filling material was a
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mixture of chlorpicrin and stannic chloride (commonly known
as N.C.). Shell filling with mustard gas btegan on September
13, 1918.

83. The construction work carried on at Edgewood
during the winter of 1917-18 was under the direct supervision
of the Arsenal itself. On April 1, 1918, by order of the
Commanding officer, all construction, with the exception of
that of the filling plant, the equipment of which was highly '
technical in character, was turned over to the Construction
Division. This Division proved to be of the greatest ser-
vice in the development of Edgewood. Under its guidance
the work of construction was systemized and pushed promptly
to completion. Due regard was always given to economy,
there being selected in each case a type of building the con-
struction of which was as inexpensive as possible in order
to serve the general object in view. Some idea can be gaine
of the extent of the construction at Edgewood from the fact
that when the Armistice was signed there had been erected on
the Arsenal grounds §58 buildings, In addition there had
also been built 14.83 miles of improved roadways, 21 miles
of standard gauge, 8 miles of 214" narrow gauge, and 7 miles
of 36" narrow gauge railway. Two different water supply
systems had also been installed.

84. One of the first projects carried out on the
grounds of the Arsenal was the installation of a water
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Filling 75 mm, shell with mustard gas.




Water

Supply
Systems

Hospital
Facllities

system, bringing water frox Bush River, nearby, fer the oper:
ation of the filling plantis page 26). The system furnished
salt water, which was satisfactory for the purpose indicated.
Fresh water, however, would have %to0 be provided for sanitary
and certain industrial purposes. A number of artesian wells
were sunk and some water obtained from this source, but the
supply was entirely inadequate to meet the demands. The
Surgeon General's Office co-operated in the selection of a
suitable source for a larger supply. It was finally decided
to pump water from Winter's Run, a distance of atout 4 miles
from Eigewood. A dam was constructed for storing the water
and a suitable purification sysiem installed. A temporary
equipment made it possible to utilize this source of supply
from May 16, 1918; the permanent equipment weas completed and
first operated on September 15, 1918. The plant has a ca-
pacity of 2,000,000 gallons per day.

85. Inasmuch as the work of the Arsenal centered
around toxic gases, it was evident that many casualties
would result, and steps were taken, therefore, tc prcvide
suitable hospital facilities., It was decided to build 3 camp
hospitals, to be located near the field of operation where
accidents were most 1ikely to occur, and nne base hospital,
The plans for the latter were drawn under the general direct-

ion of the Surgeon G2neral's Office and the construction was

carried out by the Construction Division, The work was
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The Base Hospital at Edgewood consists of %4 buildings and has
accommodations for 314 patients under normal conditions. As
many as 1300 however were taken care of during the epidemic
which prevailed throughout the country in the Fall of 1918, The
Hospital is permanent in construction and complete in every
respect. The photograph shows the administration building and

two of the ward buildings.




begun on the buildings in April 1918, and they were ready for

occupancy early in September, The completed unit con-
sists of 34 buildings with accomodations for 314 men under
normal conditions, or 420 men if emergency demnands the in-
creese., The construction is permanent in character and
censists of 12" hellow tile walls plastered both inside and
out with cement plaster. The buildings are steam heated
and electrically lighted. A separate sewage disposal

system was installed. The hospital is complete in every

respect.
86. There were also constructed during the
summer 3 buildings kiiown as "shell-dumps®, having a total

floor space of 2.3 acres and designed for receiving and

Shell

Dumps teeting the empty shell and hoosters, as well as for test-
Ing, reinting and boxing the filled shell, In addition, a
fireprocf general s!'orage tuilding, with floor capacity of
nearly 2 acres, was built.

87. It was the original intention of the War

Depurtment *o store lcaded shell in the Goverament warehouses

Storage

Magazines at Cur!ic Bay, Morylond, Later, 1t was found impossible to

do {his. It beocume necessary, therefore, to build storage
nagerines at Rdgeweccd, and aczcoriingly, 12 of these were con-
ctructed with a total floor capacity of approximately 5% acres,
The btuildings are firepro)f, conaisting of steel framework

with tile walls.
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a8. In addition to the projects already mentioned,

Bdgewood Arsenal was izstructed to build a plant for the pro-
duction of brombenzylcyanide, which is one of the most power-
ful lachrymators known., This compound is prepared from tolucl,

The toloul Is first converted into benzyl chloride through the

Manufac-

ture of action of chlorine in the presence of a suitable catalyzer,
Bromben-

zylcyaaide sunlight or a brilliant artificial light being the mos!{ ef-
Authorized

fective for this purpose, By treatment with sodium cyanide,
the benzyl chloride is next converted into benzyl cyanide
and this product, on trestment with bromine vapor forms the
final product desired, namely, brombenzylcyanide. The opera-
tions must all be carried out in glass or lead-lined iron
stills. The details of the method ¢f manufa:ture were de-
veloped by the Burcau of Mincs at the American University BEx-
periment Station.

89. A great deal of attention was given to the
selection of a suitable location for the rroposed largs-—scale

plant. Naturally, ‘hcre was much to be said in favor of

building it at Edgewcod ir connection with other planta locat-
e? Llhere. It was f21t, however, that it was unwise to locate
too many plants at a.y cne place, since danger always attended

*their operution, and the cegregation of too many at one place

wculd increase this langer tc an unjustifiatle degree, A

rumnter of other localitiz3 were considered, among them Kings-

pert, Tennescee, ir ccnnecticn with the plant of the Federal

(64)




Location
of Plant
Selected
and Plant
Construct-
ed

Dyestuff & Chemical Company. It was known that this plant
was not being utilized efficiently, and some criticism had
been offered to the effect that the Government had not avail-
ed itself of the advantages offered there. The?e would be
needed in the manufacture of brombenzylcyanide a certain a-
mount of chlorine, steam, water and electric power, all of
which the Federal Dyesturf & Chemical Company were willing to
furnish on an equitable basis, Moreover, the manager of the
Company assured Edgewood Arsenal that if the plant were loca-
ted in that locality the Company would facilitate the erect-
ion and operation of the same, Accordingly, a tract of land
adjacent to the plant of the Federal Dyestufr & Chemical Com-
pany was lcased and the government plant waes built on this
ground., It 1s only fair to add here that subsequent experi-
ence proved that the choice of this location was unwise. The
construction tegan cn July 8, 1918, and operation on Cctober
29th. The plant, which was designated as the "Kingsport plant
of Edgewood Arcenal®, was just completed to the point where it
could operate at its maximum capacity of 6,000 pounds per day
when the Armistice woas signed. The total production of the
cyanide at the plant was a trifle over 10,000 pounds.

90. Cn August 23, 1918, Edgewood Arsenal was
instructed to proceei with the plans for a plant designed to

manufacture 20,200 poundc daily of diphenylchlorarsine, This

product is especially valuable since it readily passes through
(65)
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the ordinary gas mask and produces violent sneezing. This

necessitates the removal of the masks and thus subjects the

troops to the effects of the poisonous gases used along with
the arsenical compound. The compound is prepared by the re-
action between chlorbenzol, arsenious chloride and metallic
sodium. The operation is exceedingly difficult and danger-
ous inasmuch as some of tne intermediate products are spon-
taneously combustible and explosive as well. For this reason
a location for the plant had to be selected remote from all
other buildings. Croyland, Pennsylvania, was finally select-
ed as a suitable site, since it was in a sparsely settled
district and yet had good railrcad facilities with plenty of
coal and natural gas available. Construction on the plant
began October 18, 1918, and was only about 5{ complete when
work was stopped by the signing of the Armistice. The plans
calied for the construction of a plant with a capacity of 20,
0.0 pounds per day, and it was expected to be in operation

by April 1, 1919.

91, On September 19,1918, instructions were
received by Edgewood Arsenal to make arrangements for manu-
facturing the arsenical compcund known as D.M, Accordingly,
on JSeptemdver 23, 1913, negotiations were begun with the New-
port Chamical Works, Carrollville, Wisconsin, looking toward

the manufacture of 20,00C pounds D.M, per day by this Company.

Cn Oztober 2nd. lzbocratory investigations and plant design
(66)
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work were begun by this Company, and the work was in progress

at the date of the Armistice. It was expected that the

production of D.M. would reach the desired figure of 272,000

pounds per day by February 1, 1919,

92, Of all the materials used directly in filling

shell only three could be obtained in the amounts desired

from already existing chemical firms. Theae are as follow:

(a)

(b)

(c)

Phosphorus.

The supply of white phosphorus required
for filling smoke shell was purchased
from two companies, namely, Cldbury
Electro-Chemical Company, Niagara Falls,
New York, and Electric Reduction Company,
Buckingham, Quebec, Canada. The total
supply obtained from these two sources
was 2,012,000 pounds.

Tin Tetrachloride.

The supply of this material required for
filling hand grenades and for mixing with
chlorpicrin to form the so-called N.C.
mixture was obtained from the following
firms:

Metal & Thermit Corporation, New York City.
Vulcan Detinning Company, Sewaren, N. J.

A small amount was also obtained from the
Republic Chemical Company, Pittsburg,

Fennsylvania, The total amount obtained
from these 3 sources was 1,390,000 pounds,

Titanium Tetrachloride,

This is uced as a substitute for phosphorus
in filling smoke shell. The entire supply,
amounting to 362,000 pounds, wac furnished
by the Niagara Smelting Ccrporation, Niag-
ara Falls, New York.
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/ 93. Because of the highly toxic character of
the materials manufactured and filled into shell in the dif-
ferent plants of Edgewood Arsenal, every precaution weas
taken in the construction of these plants as well as in
their operation to avoid accidents from this source. of
course, a certain namber of such accidents was bound to occur,
and provisions had veen made for their proper treatment (page
62). A list of the casualities at the Edgewood plants, to-
gether with the agent causing each, is given in the follow-

ing table:

TOXIC A3ENT :June:July:iug.: Sept.:0ct.:Nov.:Dec.:Total
Mustard Gas 14 41 190 183 227 47 2 674
Stannic Chloride 3 8 15 21 k) 50
Phosgene 3 7 22 L7 1 50
Chlorpicrin 14 18 9 3 44
Bleach Chlorine 2 39 2 1 44
Liquid Chlorine 1 3 2 7 5 18
Sulphur Chloride 2 1 6 9
Fhosphorus 2 7 5 1 15
Caustic Soda 3 3 4 10
Sulpauric Acid 4 3 L 8
Picric Acid 2 2
Carbon Monoxide 1 1
TOTALS 14 63 273 197 293 76 3 925

Tne term "casualty®™ as used In making out the foregoing table
is definel zs a new 2ase of gas injury requiring medical atten-
tion at either the Tield or base hospitals, Considering the
magnitude and danger of th~ work, and the large number of men

employed, ‘he number of casualties is relatively small, But
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three fatalities at the Tigewood Plant were traceable to toxie

gas poison, two cof these being due to phosgene and one to

mustard gas.

91, The number of casualties &t the outside

2
plants of Tigewocod Arsenal was relatively small; the exact
data is not available, There was but one fatality at the
outside plants - and this was due to phosgene.

153, For the shipment of toxic gases and of
materials used in ‘hieir manufacture, a large number of con-
tainers was required. Trese were constructed with a view
of guarding against the dangers that would result from leaky
containers, and all hal tc stand the tests fixed by the Bureau

of Explosives, The containers used fall under the following

heads:

(a) CNE-TON CONTAINERS, so-called because each
will hold one ton of liquid chlorine. These
ware made to withstand a hydrostatic pressure

of 500 pounds per square inch,

Number purchazel - 9,000, Number delivered - 7,000,

() 200-POULD PHOSGENE Cylinders, designed by
the Engineering Bureau and made to with-
stand a 500-yound hydrostatic pressure, al-
so a 250-pourd air test.

Number purzacsed - 3,500, Number Delivered - 2,500,

(<) £§5-GAT.L.ON STZEL DRUYS - standard acid drums,
They are subjected to 30 pounds air
pressure.

Numbter purchased 78,000, Number Delivered - 25,942,
(4) 75-POUND CHT _RINE CYLINDER - standard pattern.
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Number purchased and delivered 2,000

(e) CHLORINE TANK CARS, made especially for the
shipment of liquid chlorine. Each tank has a
capacity of 30,000 pounds and was subjected to
a pressure test of 500 pounds,

Number purchased and delivered 20

(f) SULPHUR CHLCRIDE TANK CARS, originally de-
signed for the shipment of chlorpicrin, but
later used in the shipment of sulphur mono-
chloride, Each tank was subjected to a
hydrostatic pressure test of 60 pounds,

Number purchased and delivered 17
_ 96. The chart on pag: 72 gives in graphic form
certain detailed informaticn concerning toxic gas, as well as
the delivery of gas shell and boosters at Edgewood. Reference
to" this chart bringe out the following facts:

(n) That the gas program as of March, 1918, called

Production for approximately 545 tons toxic gas weekly.
of Toxic

Gas Limited (b) That the Chemical Warfare Service program of
by the August 12, 1918, called for a much larger
Supply of amount, viz: about 4,525 tons per week,
Shell and

Boosters (c) That the approximate filling capacity of the

Bdgewood Arsenal Plants from August to Novem-
ber, 1918, was nearly 1,700 tons per week.

(d) That the toxic gas production during this same
period increased from 450 to 6756 tons per week.

(e) That the capacity of all projectiles received,
unlimited by boosters, varied during the same
period from 125 to 450 tons per week.

(f) That the maximum capacity corresponding to
boosters received was less than 100 tons
per week.

It will be noted, therefore, that even i{f the necessary number
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of boosters had been available, the number of gas shell

delivered was far less than the number required to accommo-

date the gas production. The shell, however, were of no

value without the corresponding boosters, so that the limit-
ing factor became really that of the supply cf boosters,
This supply was sufficient to take care of only a relatively

small fraction of the toxic gas production.
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TOTAL PRODUCTION OF TOXIC MATEBRIAL.

The amounts of toxic materials produced by the Arsenal during
the year 1918, are given in the table on page 74, expressed in
pounds per month. The table also records the amount of each
gas shipped overseas in bulk., There is also appended the
total monthly producing capacity of the Arsenal for each gas

on November 1, 1918, as well as the estimated capacity on

January 1, 1919,
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TOTAL NUMBER CF SHELL AND OTHER CONTAINERS FILLRD

The number of shell and other containers filled with
toxic materials is given in the table on page 76, There is,
likewise, given the total monthly capacity of the filling
plants on the date of the Armistice, as well as a statement
of the number of filled shell shipped overseas,

The shell are designated by the number represent-

ing the diameter cf the shell. The approximate amount of

toxic gas required for filling each type of shell (10.5¢ void)

L el Sl 2

is as follows:

SHELL PHOSGENB N. C. MUSTAED GAS
75 mm, 1,32 pounds 1.75 pounds 1,35 pounds
4.7" 4.27 " 6,20 * 4,20 *
155 mm. 11,00 * 15,40 * 10,35 v
av 22,00 * 30.30 " 21.60 *

[ )

Livens Druas 30,00
Bach gas grenade held J.446 pounds of stannic chloride; the
smoke grenade 0.67 pounds of white phosphorus,

It will be noted in the table that the only shell
actually filled were those of the 75 mm, variety. The reasor
for this 18 that either the shell of other sizes or the
accompanyiag boosters were not available. At all times the
capacity of the f£illing plants and supplies available for
filling were in excess of the number of shell, grenades and

Livens drums supplied,
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PROCUREMENT OF RAW MATERIALS

The chief chemical raw materials used were
conmon salt for chlorine; bleach and picric acid for chlor-
plcering alcohol and sulphur monochloride for mustard gas;i
and sulphur for tane manufaciure of sulphur monochloride; and
bromine and benzyl chloride for brombenzylcyanide. These
were obtained from commercial sources, except that a plant
for sulphur monochloridc was constructed at Edgewood as a
supplement to sources of this raterial elsewhere, New
plant facilities for sulphur monochloride, for bromine, and
for benzyl chloride were constructed by commercial interests
at the Instance of Edgewood Arsenal. The number of pounds
of these raw materials procured in each month, with totals,

is given in the following table:
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Preparations
for Closing
the Plant

For nearly a month previous to the declaration of
the Armistice the various plants at the Arsenal either had
shut down entirely or were operated only to an extent suf-
ficient to maintain the machinery and equipment in good
working order, This condition was due to the fact that
there was no outlet for the material produced at the plants.
The delivery of boosters had been so limited that only a
relatively small amount of the output of the chemical plants
had been utilized and this surplus had accumulated until all
available storage space was filled. There was a large sup-
ply of hand grenades but tne number of these already filled
was in excecs of the requirements. As soon as the Armis-
tice was signed, work was immediately begun to put the
plants in condition for an indefinite shut-down. Machinery
was cleaned, painted and oiled, and all out-door equip-
ment preperly placed in storage., The work of construction
was stopped except in a few instances where it was neces-
sary to finish buildings nearly completed. Steps were also
taken to dispose cf the large accumulations of toxic gas.

It is probadble that this will ultimately be sunk in the
ocean. At the date of writirg, February lst, about two-
thirds of the men who were at the Arsenal at the time of the
Armistice have been discharged. The remainder are being em-

ployed in guarding the plant, in painting shell, and in unloas

ing and storing the large amount of equipment of various Sorts
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that is being sent to the Arsenal for storage. By March
lst, it is expected that the work will be completed to
such an extent as will make it possible to diminish the
namber to about 500. This number will be required per-
manently in order to properly police the grounds, keep the

buildings and equipment in good repair, and to take care of

shirments of stored materials.
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PROPERTIES OF CERTAIN MATERIALS
USED IN
GAS WARFARE

(a) Fhosgene:

This is a definite chemical compound and has the
composition expressed by the formula COCl,. At ordinary tem-
perature it is a colorless gas but condenses to a liquid at 8° C.
Its odor has been variously described as suggestive of green corn,
of applses, and of musty hay. It is highly toxic in character,
When inhaled in any considerable quantity, death soon results;
in a small quantity, it produces but little immediate discomfort,
but it is necessary, in such cases, to keep the patients abso-
lutely quiet for several days, otherwise they are apt to die
from delayed heart action. Phosgene is used in shell; mixed
with chlorine it is also used in wave attacks. When a phosgene
shell bursts the material soon dissipates. It is used, therefore
by troops to shell positions which they hope to shortly occupy.

(b) Chlorpicrin:

When pure, chlorpicrin is a colorless liquid, boil-
ing at approximately 112° C, It is a definite chemical compound
and has the composition sxpressed by the formula CNO,Cly. While
not so poisonous as some of the other products used in warfare,
it is, revertheless, very toxic and has the additional advantage
in that it produces nausea and vomiting and is a pronounced
lachrymator (tear-procducer) as well, Because of its relatively
high boiling point it ie not readily dissipated, its effects
being marked after a considerable interval of time. It is used

in shell.

(e) Mustard Gas:

The chemical name of mustard gas is dichlorethylsul-
phide and it has the composition expressed by the formula C,H,Cl,8S
It was first prepared in 1886, When pure, it is a colorless or
slightly yellow oily liquid, boiling at from 215° - 217° C. at a
pressure of 750 mm, It freezes at 14° C. but the product as
ordinarily made contains small percentages of impurities and this
remains liquid at 0°C, or below. It possesses a faint mustard
smell; hence the derivation of the term "mustard gas®., Because
of its high boiling point it does not decome dissipated for
several days. It has a very corrosive action upon the flesh,
producing severe blisters similar to those caused by burns,

When breathed, its vapor likewise produces this same effect upon

the lung tissues.
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(4) Chlorine:

This is an elementary substance, At ordinary
temperatures it is a greenish yellow gas of suffocating odor,
Through the immediate effects of cold and pressure it is
readily condensed to a liquid and is ordinarily shipped in
this form, stored in cyiinders. When inhaled in any con-
siderable quantity it has a strong, unbearable, suffocating
effect and rapidly corrodes the lung tissue., It is used
either alone or mixed with phosgene in wave attacks, but is
not adapted as a filling material for shell,

(e) Brombenzylcyanide:

This compound has the composition expressed by the
formula CgHgCHCNBr. When pure it freezes at 29° C. forming
white or trownish crystals, As ordinarily prepared, however,
it is a brownish »ily liquid having a boiling point of 230° C,
It is one of the most powerful lachrymatory substances known,
and its use in gas warfare is due to this property.

() Diphenylchlorarsine:

This compound is & white crystalline solid, melting
at 44° C, Its composition is expressed by the formula (CeHg),ClAs.
As ordirarily prepared it is impure and forms a brown, viscous
liquid resembling tar. It is a powerful sternutator (that is,
sneeze producer) and causes watering of the eyes. It is very
effective since it readily passes through the gas masks when in a
finely divided state, snd causes sneezing. This necessitates
removal of the macks, subjecting the troops to the effects of
poisonous gases used along with the arsenical compound.

(g) 3-Phenylimino-6-Chlorarsino--Cyclohexadiene-1,4.

This compound is ccmmonly known as D.X. It has the
composition expressed by the formula CgHgN=CgH,=AsCl and resembles
diphenylchlorarsine in all of its properties.

(h) White Phosphorus:

This, like chlorine, ie an elementary substance. When
pure, it {s a colorless, translucent, waxy solid which melts at
44.1°C, It is very inflammable and when burning forms an in-
tengely voluminous white cloud which is effective in gas warfare
for masking the troops.
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(1) Tin Tetrachloride:

This is & colorless liquid boiling at 114.1°C. It
nas the composition expressed Ly the formula SnCl,. When exposed
to the air it fumes strongly and readily passes through the gas
masks, It is used in hand grenades and is very effective espec—

ially in driving out troops from dug-outs.

4_‘“-;&.\_

(j) Titanium Tetrachloride: ’

This resembles tin tetrachloride in its properties. It
has the composition expressed by the formula TiCl,. When ex-
posed to air it produces white clouds similar to, but not so

- voluminous, as those produced by the combustion of phosphorus,
It 18 used in hand grenades as a substitute for phosphorus in pro-

ducing smoke

(3)




(a)

(b)

(e)

(e)

()

(e)

(h)

(1)

LIST OF EDGEWOOD ARSENAL PLANTS FOR THE MANUFACTURE
oF
TOXIC GASES

Edgewood Arsenal, Edgewood (Maryland) Plant.
Project — Manufacture of chlorpicrin., Operated by
Edgewood Arsenal.

Edgewood Arsenal, Edgewood Plant.
Project - Manufacture of phosgene. Operated by
Bdgewood Arsenal.

Edgewood Arsenal, ERdgewood Plant.
Projsct - Manufacture of mustard gas. Operated by
Edgewood Arsenal.

Edgewood Arsenal, Edgewood Plant.
Project - Manufacture of chlorine. Operated
by Bdgewood Arsenal.

Edgewood Arsenal, Edgewood Plant.
Project - Manufacture of sulphur monocchloride. Operated
by Bdgewood Arsenal.

Pdgewood Arsenal, Stamford (Connecticut) Plant.
Project - Manufacture of chlorpicrin. Operated
by Edgewood Arsenal.

BEdgewood Arsenal, Niagara Falls (New York) Plant.

Project - Manufacture of phosgene. Operated
under the supervision of the Oldbury
Electro-Chemical Company.

Bdgewood Arsenal, liidland (Michigan) Plant.

Project - Sinking of seventeen brine wells for
the purpose of securing adequate
supplies of bromine. Operated under
the supervision of the Dow Chemical Co.

BEdzewood Arsenal, 3ound Brook (New Jersey) Plant.
Project — Manufacture of phosgene. Operated
under the supervision of Frank Hemingway, Inc.




(j) BRdgewood Arsenal, Hastings (Hastings-on-Hudson, N.Y,) Plant.
Project - Manufacture of mustard gas. Operated
by Bdgewood Arsenal,

(k) Edgewood Arsenal, Buffalo (New York) Plant.
Project — Manufacture of mustard gas. Operated
under the supervision of Naticnal Aniline &
Chemical Company.

(1) Edgewood Arsenal, Kingsport (Tennessee) Plant,
Froject - Manufacture of brombenzylcyanide. Operated
by Edgewood Arsenal,

(m) Edgewood Arsenal, Croyland (Pennsylvania) Plant.
Project— Manufacture of diphenylchlorarsins, Operated
by Edgewood Arsenal,

(5)




CONFIDENTIAL

Order )
No. 54 ) WAR DEPARTMENT
Washington,
March 6, 1918. *
Extract
[} * [} [ ] [ ] [ L [ ] o [} ;
PAR 42. The appointment (promotion) of Lieutenant Colonel ‘

William H, Walker, Chemical Service Section, National Army,
to the grade of Colonel, Crdnance Department, National Army,
with rank from March 1, 1918, is announced. He will pro-
ceed to Baltimore, Marylani, and take station at that place
as Commending Officer of the Bunpowder Neck Reservation,
reportirg his arrival by letter to the Chief of Ordnance.

The travel directed is necessary in the military

service.
[} * L ] * [ ] * [ ] * [ ]
By order of the Secretary of War:
PEYTON C. MARCH,
Ma jor General, Acting Chief of Staff,
Official:

H. P. McCAIN,
The Adjutant General




ISSUED AT WASHINGTON
WAR DBPARTMBNT

Office of the Chief of Ordnance
Engineering Bureau
451 Pennsylvania Ave
Washington

April 2, 1918,

FRCM: General Administration Bureau,
Office of the Chief of Ordnance.

TO: William H, Walker, Ord. Dept., N.A.
SUBJECT: Establishment of Sunpowder Reservation.

l. You will assume command of the Gunpowder Reservation
which forms that part of the Aberdeen Proving Ground establish-
ed by proclamation of the President, date of October 22, 1917,
which is bounded on the north by the Pennsylvania railroad,
on the east by the Bush River, on the West by the Gunpcwder
River, and on the 3outh by a line drawn as indicated on tane en-
closed map. For the purpose of better prosecuting the con-
struction program hereinafter outlined, you are authorized to
establish your headquarters in the City of Baltimore,

&, The commissioned and enlisted personnel heretofore
assigned to the Gunpowder Reservation project will be trans-
ferred from the Trench Warfare Section of the Engineering
Bureau to your command. The transfer of such Civil Service
employees as may be des:ired will be effccted by mutual agree-
ment between yourself and the Chief of the Trench Warfare Sec-
tion of the Engineering Bureau.

3. You shall administer the Gunpowder Reservation in
conformity with the rules and regulations governing the admin-
istrations of arsenals.

4. The sum of $19,040,0CC has been set aside on the
tooks of this office for the construction and initial operation
of £illing plants, chemical plants, chlorine plants and addi-
tional power installation, as well as the necessary cantonments,
hospital, storehouses, etc,, and a gas shell proving ground
with laboratory and animal farm. i.ince the Procurement
Divisic:a of this office has already been obligated for dis-
bursements for certain portions of the construction program,
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the exact part of the above amount to be later allotted for
your use will be decided upon after determination of the
monies to be expended from this office.

5. You will submit, for the approval of the Acting
Chief of Ordnance at the earliest practicable date, a speci-
fic program covering construction work and operation, request-
ing an additional allotment of funds, if necessary. You will
negotiate for all construction or equipment not already con-
tracted for, or under negotiation by the Procurement Division,
and you will be charged with the prosecution of the entire
construction and operation program.

6. The operation of all plants of the Gunpowder Reserva-
tion shall be carried out by commissioned and enlisted personnel
in so far as practicable, You will call upon this office for the
necessary enlisted personnel guards and operatives. You will
initiate steps towards the commissioning of such commissioned
personnel as may be required to fill the quota which will be
allotted you.

7. Reports covering all tests pertaining to gas warfare
will be submitted to the Bngineering Bureau.

8. In addition to the installation of the Gunpowder Reser-
vation, you will assume charge of the following outside Govern-
ment-owned plants manufacturing chemicals for use in the opsration
of the plants on the Gunpowder Reservation, viz:

(a) Plant located at the Oldbury Chemical Co., at
Niagara Falls, N. Y.

(b) Plant located at the Frank Hemingway Co., Inc.,
Bound Brook, N.J.

(c}) Plant located at the American Synthetic Color Co.,
Stamford, Conn.

(d) The sinking of seventeen (17) Brine Wells, about
three miles from the Plant of the Dow Chemical

Co., Midland, Mich,.

Ch:mical Plant No. 4, located at Saltville, Va,, is being
erected under the Bureau of Minez, and when placed in operation
will be under your charge.

C.B,.WHEELER,
Brig. Gen., Ordnance, N.A,
Acting Chief of Ordnance.
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(G.0.62)

General Orders, ) TAR DEPARTMENT
No. 62, ) Washington, June 28, 1918,

I--1, Under authority conferred by sections 1, 2, 8, and 9
of the act of Congress "Authorizing the President to increase
temporarily the military establishment of the United States,®
approved May 18, 1917, end the act "Authorizing the President
to coordinate or consolidate executive bureaus, agencies, and
offices, and for other purposes, in the interest of economy
and the more efficient concentration of the Government®, ap-
proved May 28, 1918, in pursuance of which act the President
has issued an executive order dated June 25, 1918, placing
the Experiment Station et American University under control
of the War Department, the President directs that the Gas
Service of the Army be organized into a Chemical Warfare Ser-
vice, National Army, to include:

a. The Chemical Service Section, National Army.

b. All officers and enlisted men of the Ordnance
Department and Sanitary Corps of the Medical
Department as hereinafter more specifically
specified (regular officers affected being de-
tailed and not transferred),

2. The officers for this service will be obtained as pro-
vided by the third paragraph of section 1 and by section 9 of
the act of May 18, 1917, the enlisted strength being raised
and maintained by voluntary enlistment or draft.

3. The rank, pay, and allowance of the enlis‘ed men of
the Chemical Warfare Service National Army, shall be the same
as now authorized for the corresponding grades in the Corps

of Bngineers.

4. The head of the Chemical Warfare Service, National
Army, shall te known as the Director of the Chemical Warfare
Service, and, under the direction of the Secretary of War, as
such, he shall be, and hereby is charged with the duty of
operating and maintainirg or supervising the operation and
maintenance of all plants engaged in the investigation, manu-
facture, or production cf toxic gases, gas-defense appliancee,
the filling of gas shell, and proving grounds utilized in
connection therewith and the necessary research connected with
gas warfare, and he shall exercise full, complete, and exclu-
give jurisdiction and centrol over the manufacture and produac-
tion of toxic gases, gas defense appliances, including gas-
shell filling plants and proving grounds utilized in connec-
tion therewith, and all investigation and research work in
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(a.0. 62).

connection with gas warfare, and to that end he shall forta-
with assume control and Jurisdiotion over all pending Govern-
ment projects having to do or connected with such manufacture,
production, and operation of plants and proving grounds for
the Army and heretofore conducted by the Medical Department
and Ordnance Department under the jurisdiction of the Surgeon
General and the Chief of Ordnance, respectively, and all
material on hand for such investigation or research, manufac-
ture or production, operation of the plants and proving 1
grounds, and all lands, buildings, factories, warehouses, ‘
machinery, tools and appliances, and other property, real, per-
' sonal, or mixed, heretofore used in, or in connection with,
the cperation and maintenance of such plants and proving
grounds for the purpose of investigation or research, manufac-
ture cr production, already procured and now held for such use
by, or under the jurisdiction and control of the Medical De-
partment or the Ordnance Department, all books, records, files,
and office equipmert used by the Medical Department or the
Ordnance Derartment in connection with such investigation or
research, manufacture or production, or operation of plants
and proving grounds, all rights under contract made by the Med-
ical Department or Ordnance Department in, or in connection
with, the operation of such plants and institutions as speci-
fied herein, all rights under contract made by the Medical De-
partment or Ordnance Department in, or in connection with, such
work, and the entire personnel (commissioned, enlisted, and
civilian) of the Ordnance Department and Sanitary Corps of the
Medical Department as at present assigned to or engaged upon
work in, or in connection with, such investigation of research,
manufacture or production, or operation of plants and proving
grounds, are hereby trarsferred from the jurisdiction of the
Ordnance Department and the Medical Department and placed
under the jurisdiction of the Director of the Chemical Warfare
Service, it being the intention hereof to transfer from the
jurisdiction of the Medical Department and the Ordnance Depart-
ment to the jurisdiction of the Director of the Chemical War-
fare service, every function, power, and duty connected with
the investigation, manufacture, or production of toxic gases,
gas-defence appliances, including the necessary research con-
nected with gas warfare, gas-shell filling plants, and proving
grounds utilized I{n connection therewith, all property of
every sort or nature used or procured for use in, or in con-
nection with, said operation of such plants and proving grounds
and the entire personnel of the Ordnance Department and Sani-
tary Corps of the Medical Department as at present assigned to,
or engaged upon work in, or in connection with, the operation
and mairtenance of such plants engaged in the investigation,
manufacture, or production of toxic gases, gas defense appli-
ances, including gas-filling plants and proving grounds util-
ized in connection thercwith,
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5. All unexpended funds of appropriation heretofore
made for the Medical Derartment or Ordnance Department and
already allotted for use in connection with the operation
and maintenance cf plants now engaged in, or under con-
struction for the purpose of engaging in, the investigation,
manufacture, or production of toxic gases or gas defense
appliances, including gas shell filling plants, are herebdy
transferred to, and placed under the jurisdiction of, the
Director of the Chemical Warfare Service for the purpose of
meeting the obligations and expenditures authorized herein;
and, in so far as such funds have not been already speci-
fically allotted by the Medical Department and the Ordnance
Dapartment for the purpcses specified herein, they shall now
be allotted by the Secretary of War, in such proportions as
shall to him seem best intended to meet the requirements of
the situation and the intention of Congress when making
said appropriations, and the funds so allotted by the Secre-
tary of War to meet the activities of the Chemical Warfare
Service, as heretofore defined herein, are hereby trans-
ferred {o, and placed unier the jurisdiction of, the Director
of the Chemical Warfare Service for the purpose of meeting
the autrorized obligations and expenditures of the Chemical
Warfare Service.

6. This order shall be ard remain in full force and
effect during tre countinuation of the present war and for six
months after the termination therwof by proclamation of the
treaty of peace, or until therefore amended, modified, or
rescinded.

II-- By direction of the President, Maj. Gen. William L,
Sivert, United States Army, is relieved from duty as Director

of Gas Service, and is detailed as Director of the Chemical
Warfare Service, National Army.

(222.06,A.8.0.)
By order of the Secretary of War:

PEYTON C. MARCH,
General, Chief of Staff,

Official;

H. P. McCAIN,
The Adjutant General.
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ED3EWOOD ARSENAL
BALTIMORE, MD.

May 4, 1918,

General Order
No. 7

1. In accordance with Office Order No. 207, Office
of Chief of Ordnance, unier date of April 30, 1918, the
gas manufacturing plents atv Stamford, Conrnecticut; Bound
Brook, New Jersey; Niagara Falls, New York; Charleston,
West Virginia; Midland, Michigan; the gas manufacturing and
shell filling plants at Edgewocd, Maryland; the Lakehurst
Experimental Grounds, Lakehurst, New Jersey; and the Cleve-
land Laboratory, Cieveland, Chio, which were formerly known
as Gunpowder Reservation, will in the future be designated
EDGEWOOD ARSENAL,

2. In order to distinguish the various activities mak-
ing up Edgewood Arsenal the gas menufacturing and shell
filling plants on Gunpowder Neck will be known as Edgewood
Plant, Edgewood Arsenal, that at Stamford, Connecticut, as
the Stamford Piant, Edgewccd Arsenal; that at Bound Brook,
New Jercey, as Bound Brcok Plant, Edgewood Arsenal, that
at Niagera Falls, New York, as the Niagara Falls Plant,
Edgewood Arsenal; that at Charleston, West Virginia, as the
Charleston Plant, Edgewood Arsenai; and that at Midland,
Michigan, as the Midland Plant, Edgewood Arsenal, The ex-
perimental grounds at Lakehurst, New Jersey, will be desig-
nated Lekehurst Experimental Grounds, Edgewood Arsenal, and
the Laboratery at Cleveland, Ohio, will be designated Cleve-
land Laboratory, Edgawood Arsenal,

3. The General Offices of Edgewood Arsenal arJ located
at 311 W. Monument St., Baltimore, Md.

4., All officers will be governed accordingly.
By order of COLONEL WALKER:

C. E. PARTRIDGE,
Uajor, Ordnance,U.S.A.
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Aterdeen Proving Ground, 12, 13, App. 7

Alcohol, 44, 77, 78

Amn"“an D)ntheul“ Color Company, 10,12,15,24,56, App. 8
Arsenicals, ¢5,66, App. 2, D

~J (2

Barracks, 26, 54, 595,
anzyl uh10 ide, 64, AT
Bleach, 10, 17, 77, 78
Bombs, Incendiary, S it
Boos* s, 28, &0, &9, §7, S8, ¥0, 71, 76, 78
Bovwid Brook Flawt, £1, 22, 24y 25, 57, App. 8, 18,
Brombenzyleyanide {
manufacture of, 64, 65, 77, App. 5
production of, ©5, 74 i
preperties of, App. 2
Broaine, 38, 29, €4, 77, 78
Buffaio Plant for Manufacture
4 of mustard gags, 49, App. 5
Bureau of Mines
resear>n work assigned to, 3
g-udy of commercial methods by, 6, 7, 10, 40

Carton lioxide for producticn of
carbton 4?zox‘de, RO E2e
Casualties, 62, 68, 69
Cherleston Plant, 78, App. 12
Chemical Laboratory, 30, 31,

Chlorine
description or Edgewcod Plant, 34, 35, 36
Edgewool Plnr‘ deci dei upen, 3A
mathed for inerezeing esupply, 22, 33 ‘

operation of Vigﬁao i rlant for, 26, 27
overseas shiprent in hulk, 57, 58, 74 _
properties of, App. 2 g
supply 2+ beginning of war, 31, 32
Chlorpicrin
contracts for, 11, 12
development of large-scale manufacture, 10, 11
Eigewced Plant, 15, 16, 17,
latoratcry preparation, 10,
numter of shell filled with, 76
cverseas snipmant in bulk, 58, 74
producing capacity, 55, 56, 74
produzticn of, 17, 35, 5&, 74, .
propert’ s of, Aprp. 1
elected for use, 7
S:qnfaxl Flarnt, 12, le, 24, &€, 57, App. 4, 8, 12
Corumer:ial Fuesearch Company, 40, 41
Construction
carried on Ly Construction
Division, 61, 82
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during the winter of 1917-18, 26, 27
type cof, 27, 0, 35, 3¢, 37, 44, 54, 55, 58
f Containers, 69, 70
Croyland Plant 66, App.5

l D. M., €&, &7, App. 2
Diphenylehlorarsine, 85, 66, App. 2, 5
Dow Chzswm.cal Compary, 25, 33, 39, App. 4, 8

Drop Bumbs, £§9, 76

Bigewocd Arsenal
I adninistration of, 4, 23
tarracxs constructed, 54
casualties at, 88, 69
character of labor, 52, 53, 54
sonsiructicn wt, 13, 14, 16, 17, 54, 55, 61, 62, 63
epidemic at, 51
extent of construction at, 61
nayspisal Tacilities at, 62, 63, 68

ligt ¢f chemical plants composing, App. 4
military organizaticon, 53, 54
name selected, 13, 23

Jrganization ¢f, App. 13-21, incl,
personnel at, o3
preparation for shut-down, 79, 80
provisions for diversion of personnel, 55
ready for operation, 27
selection of site, 12, 13
transferrsl tco Chemical Warfare Service, 24
water supply system, 26, 61, 62

Ethylene, 10, 41, 42, 43, 44

Filling Plant
capacity of plant #1, 29
censtruction regun, 14
construction of
Tlants #2 and #3, 58
plant for drop bembs, 59, 60
plant for grenades, 59
plant for smoke chell, 59
description of, 27
deacription of proceses of filling
i shell in, 27, 28, 29
operation begun, 60
plans for Plant #1, 4, 5, 6
ready for operation, 27, 29
site selected, 12
total capacity of, 76
total production of, 74, 75, 76

Gas - Toxlic
capacity for production, 70, 71, 72
containers for shipment of, 69, 70
disposal of, 79
Government plantz decided upon, 15
original planc for procurement of, 14, 15
prciuction linited by shell and booster

supply, 70, 71
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program, 70
shipment in bulk overseas, 58, 73, 74
total production of, 73, 74
Gas Warfare
beginnings of, 1
problems of, 1, 2
status in United States of, 1
Grenades, 59, 60, 76
Gunpowder Reservation, 13, 14, 15, 23, App. 6, 7, 8

Hastings Plant for manufacture of
mustard gas, 50, 61, App. 5
Hospital
permanent, 62, 63, App. 7
temporary, 26 u

Kingsport Plant
building of, 64, 65
production at, 65

Labor, 52 '
Levinstein process for manufacture of
mustard gas, 47, 48
Livens drums
arrangexents for filling, 60 !
number filled, 60, 76 ;
rhosgene required for filling, 75

Magazines, storage, €3
Midland Plant for esinking brine wells, 38, 39
Military organization cof Arsenal, 653, 54
Mustard Gas
Buffalo Plant, 49, 50
contract with Commercial Research Company,4”, 41
development of sulphur monochloride ma2thod of
manufacture,41, 42, 45
first employed by the Germans, 39
Hastings Plant, 50,51
Levinstein process of manufacture, 47,48
namber of shell filled with, 76
overseas shipment in bulk, 74
producing capacity, 74
production of, 48,49,74
properties of, App. 1
raw materials used, 44,45,77,78
two methods of preparation, 40
types of reactors used in manufacture, 42,43,46,47, 48

e

National Aniline & Chemical Company, 49, App. §
Niagara Falls Plant

contract let, 9

process as carried out at, 22

production at, 57

Oldbury Blectrc-Chenical Compary, 8,9,18, App. 4,8
Organization Charts, App. 13-21, incl.

Cutside Plants, 25, €9
Oxygen, for production of carbon monoxide, 19, 20 q
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Personnel cf Bdgewool Arsenal, 53, 54

Phosgene
Bound Brook Plant, 21,22,57
contract for, 9
development of large—scale manufacture, 8,9
Edgewocd Plant, 20,21,55,66
experimental plant, §,18,87
labtoratory preparation, 7,8
Niagara Falls Plant, 9,22,56,57
number of shell fililed with, 76
overseas shipment in bulk, 58,74
producing capacity, 56,57,74
producticn of, 56,57,74
properties of, App. 1
selection for use, 7

Pnosphorus
filling plants for, 59
number of grerades filled with, 76
overseas shipment in bulk, 58,74
procuremert of 67
properties of, App. 2

Ficric Acig, 10,16,17,78

Power Plant
Bush River Plant, 37
in cornection with Filling Plant #1, 26

Raw materials
procurement of 44,45,77,78

Salt, common 78
Shell
clow delivery of, 30,58,71,72
total rumber filled, 75 76 ,
weight of gas required to fill, 75
Shell Dumps, 63
Sibert, Major-3eneral Wm. L., 24, App. 11
Stamford Plant
contract let, 12
operation begun, 2¢
process carried out at, 11,12,18
production at, 56
taken over by Government, 56
Sulphur, 45,7
Sulphur moncchloride
plant at Edgewood, 45,51
procurement of, 44,45,
use in manufacture of mustard gas, 40

Tin Tetrachloride
filling plant for, 59
number of grerades filled with, 76
procurement of, 67,74
properties of, App. 3
Titanium tetrachloride 67,74, App. 3
Trench Warfare Section
work assigned, 3,4
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Walker, Colonel William H,.

appointed Commanding Officer, 23 App. 6,7
War Orders, copies of, App. 6-12
Water supply

Bush River System, 26,62

Winter's Run System, 62

Zinsser & Company, 41




DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD
ABERDEEN PROVING GROUND, MD 21010-5424

REPLY TO
ATTENTION OF:

APR 14 2015
RDCB-DPS-RS

MEMORANDUM THRU Director, Edgewood Chemical Biological Center (ECBCéfZ/
(RDCB-D, Mr. Joseph L. Corriveau), 5183 Blackhawk Road, Aberdeen Proving Gfound,
MD 21010-5424

FOR Office of the Chief Counsel, US Army Research, Development and Engineering
Command (RDECOM), (AMSRD-CCF/Ms. Kelly Knapp), 3071 Aberdeen Boulevard,
Aberdeen Proving Ground, MD 21005-5424

SUBJECT: Operations Security/Freedom of Information Act (FOIA) Review Request

1. The purpose of this memorandum is to recommend the release of information in
regard to request to RDECOM FOIA Requests FA-14-0054.

2. ECBC received the request from Ms. Kelly Knapp, the RDECOM FOIA Officer. The
request originated from gathering
information on the Chemical Warfare Service.

3. The following documents were reviewed by Subject Matter Experts within ECBC:

a. History of Research at Yale University, dated 20 Nov 1918, 11 pages.

b. Bancroft's History of the Chemical Warfare Service in the United States, by
Lt. William Bancroft; AD-495049; dated 31 May 1919, 206 pages.

c. A Historical Sketch of Edgewood Arsenal, by Lt. William McPherson; AD 498494,
date unknown, 20 pages.

d. The Diary of Jet Parker; C390D1; dated Sep - Dec 1918, 26 pages.

e. American University Technical Reports, Bureau of Mines, War Gas Investigations
(WGI) Monographs, date unknown.
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RDCB-DPS-RS
SUBJECT: Operations Security/Freedom of Information Act (FOIA) Review Request

4. ECBC has determined that all of the reviewed documents are suitable for release,
however, all documents must have the classification/distribution changed through the
Defense Technical Information Center prior to any release.

5. The point of contact is Mr. Ronald L. Stafford, ECBC Security Manager,
(410) 436-1999 or ronald.l.stafford.civ@mail.mil.

RONALD L. STAFFORD”

Security Manager






